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PREFACE

This document was prepared to describe the ATC system as it would
appear in two future time frames if on-going FAA programs aimed at
improving the ATC system are successful and implemented. The
objective was to make explicit the system interfaces implied by the
current FAA program of planned ATC system improvements and to
identify those interfaces that merit FAA planning attention. The
actual system that may evolve in future years is likely to be
different than the system described herein due to the open-ended and
dynamic nature of the FAA R&D process. The document does not
consider the logistical and budgetary constraints encountered in
implementing major systems. Thus, this document should be viewed as
an aid to the technical planning for system implementation. It does
not necessarily reflect an FAA position on the ATC system that should
be in place by a given time period or commit the FAA to implement the
features described in this report.
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1.

INTRODUCTION

The purpose of this document is to present a current overview of
the FAA's planned improvements to the United States air traffic
control (ATC) system and its associated interfaces. The
presentation 18 directed not toward technical personnel
interegted in the design details of proposed improvements but to
program managers and other management personnel who are
interested in defining and assuring the adequacy of the

interfaces between existing and new system elements.
The objectives behind the preparation of this document were to:

— Describe the CONUS ATC system after current major FAA
engineering and development (AED) and operating service
(AAT and AAF) program products are developed and
integrated into the operational system.

- Identify and describe the interfaces that will have to

be provided between system elements.

- TIdentify design configuration and time phasing concerns
that require decisions by FAA managers.

The material presented in this document reflects the progress of
engineering and implementation activities of the FAA over the
last several years. This document represents a revision and
expansion of an earlier document that described system
development status and plans aé of mid-1978 (Reference 1-1).

The current document was prepared by the MITRE Corporation for

the FAA's Systems Research and Development Service, Systems
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Development Division (ARD-440) and represents system status and
plans as of the end of calendar year 1980. This document was
prepared as an integral part of the FAA's systems integration
activity. The integration activity includes the integration of
FAA system development and system acquisition plans, planning
for long range engineering and development budgets, and tracking
and resolution of system integration design issues. These other

activities are reported separately by the FAA.

1.1 Scope

The scope of this project was limited to those systems that were
directly involved with the provision of ATC services. Systems
associated with purely administrative functions internal to the
FAA vere not addressed. The set of improvements to be addressed
was restricted to those Facilities and Equipment (F&E) and
Engineering and Development (E&D) products that are currently
targeted for implementation and whose development cycle had
progressed to the point where their interfaces could be
reasonably well defined. Programs that were in the early stages
of development or were being pursued on a feasibility basis,
such as the Cockpit Display of Traffic Information (CDTI), were
not considered in detail, but their potential system functions

were briefly defined where appropriate.

This description of the ATC system addresses those transitions
that are expected to occur from 1980 until the major en route
ATC computer system is replaced in the late 1980s.

Modifications of system interfaces that would be associated with
this computer replacement have not yet been defined and are not

included in this document.
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The system functions and interfaces described in the document
are based on normal mode operations. Failure or maintenance
mode operations are not addressed. Some remote maintenance and
monitoring features that are integral to some system

improvements are discussed, however.

It should be noted that this document was intended to serve as
an internal management and planning tool for the FAA. As such,
it has attempted to reflect the current FAA management thinking
as to proper system designs, configurations and implementation
schedules. No attempt was made to justify these decisigns or to
examine alternative courses of actions from a technical, cost,

or benefit basis.

1.2 Approach

To meet the stated objective, strawman future ATC system
descriptions were prepared for two different future time frames
to 11lustrate the expected ATC system configurations if current
FAA system improvement plans were realized. These descriptions
were facility oriented and focused on the technical operation of
the hardware, software, and sensors used by ATC personnel to

deliver new or improved services.

The resultant description contained in this document shows how
the particular ATC facilities could be connected to other parts
of the system and how these facilities and their associated
connections are expected to change over time. Features that do
not change are deemphasized.

1-3
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1.2.1 ATC Facilities

For this study the ATC system was subdivided into facilities as
noted in Table 1-1. The grouping of facilities falls along
rather natural lines with some arbitrary assignments being made
for some services. For example, the flight plan data
distribution system for Termfnal Radar and Approach Control
(TRACON) and towers was primarily treated in the TRACON Facility
chapter as the TRACON is generally a user of the current Flight
Data Entry and Printout (FDEP) equipment and 18 projected to be
a user in the future of Flight Data Input Output (FDIO)
equipment and Terminal Information Display System (TIDS)
equipment, although tower facilities may also use this
equipment. Also, ATC services, such as separation assurance
that use features that reside in a number of facilities were
discussed in several chapters of the document. For example, the
Automated Traffic Advisory and Resolution Service (ATARS) was
described in the En Route, TRACON, and Surveillance chapters.

1.2.2 Time Periods

Facility descriptions were prepared for three time periods:
Current, Near Term, and Far Term. The "Current"” system was
defined as consisting of those systems that were in operational
use at some sites prior to the end of CY 1980. The Current
system is the reference point for examining system changes and
is presented only to a level of detail necessary to highlight
system changes. This description is incomplete in most cases
and is not intended as a tutorial on features of the present

system.
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The "Near Term"” system was defined as the Current system
modified to include those system improvements that could
according to present plans, be In operational use at some sites
by the end of CY 1984. Many of the anticipated Near Term
improvements have already been approved for implementation and
some have active procurement contracts. System improvements
that have been approved for implementation were noted in the

documentation.

The "Far Term"” system was defined as the “"Near Term” system
modified to include implementation of those additional system
improvements expected to be in operational use at some sites
prior to the implementation of the en route ATC computer
replacement which is expected in the 1988-1990 time frame. This
post-1984 Far Term system is somewhat tentative because of the
additions, deletions, and modffications that naturally occur in

a dynamic research and development program.

Another category of improvements, referred to as “Potential and
Longer Range"” improvements are also briefly described in the
document. These improvements have not yet been targeted for
implementation, awaiting results of preliminary development
phases or awaiting the additional automation base to be provided
by the expansion of en route or terminal ATC computer systems.
It should be noted that some of the improvements in this
category could be implemented at an earlier time period
depending on changes in technical feasibility or operational

need.

The system improvements to be described in this document are
listed in Table 1-2.
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1.2.3 Document Structure

The work undertaken in this study has resulted in a number of
outputs. This document describes the system evolution and
interfaces for specific facilities. A series of short papers
that focus on some of the system configuration and design issues
to be addressed by FAA management were also prepared as a result
of developing the material and reviewing this document with FAA
management and program managers. These papers have been used to
track progress in resolving specific issues and are updated and
published by the Systems Research and Development Service.

These papers are referenced in this document.

Each facility description chapter in this report follows roughly
the same outline. The intent was to highlight system interface
requirements between particular facilities and between
particular improvements within a given facility for each of the
three time periods. For example, the En Route Facilities
Chapter highlights interfaces between ARTCC automation and en
route surveillance sites as well as interfaces internal to the
ARTCC automation, such as between the Electronic Tabular Display
Subsystem (ETABS) and the Direct Access Radar Channel (DARC).

Each facility description consists of:
® an improvements summary
e an information flow diagram

e a connectivity diagram

1-11
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e a tentative implementation schedule
e an interface planning summary

The improvements summary gives a brief description of each

improvement and the expected advantages that will accrue to the
system by its implementation.

The information flow diagram presents the specific inputs,
outputs, and internal functions that must be accomplished for

each ATC system improvement.

The connectivity diagram specifies the type of data directly
relating to the delivery of ATC services and the general
transmission media (for data communications: directly wired,
digital data channel, teletypewriter channel, video channel, or
facsimile transmission; for voice communications: voice phone,
or VHF/UHF radio) associated with interfacility communication
links. Within the facility chapter, the designation of
communication media is at the general level. The specific FAA
leased or operated switching and transmission capabilities used
for these links 1s given in the Communications Facilities
Chapter.

For each of the preceding sections, the emphasis is on the
system interface changes that will occur in the Near Term and
Far Term periods, with minimum attention given to explaining the

operation of the existing system except as a point of reference.

The tentative implementation schedule is based on projected
Technical Data Package (TDP) handoff dates for improvements to

1-12
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be derived from the E&D program and on F&E budgetary information
for improvements that are being acquired directly by the
operating services. The implementation dates follow TDP handoff
by one to three years, depending on the estimated complexity of
the procurement. The changeable and rather optimistic nature of
these estimates, particularly for Far Term items, limits their

usefulness in examining fine grained precedence relationships.

The interface planning summary identifies some of the major
assumptions that were necessarily made as to what improvements
would be implemented and how they would function. Follow~-up on
these issues has been undertaken on a continuing basis with a
joint Systems Research and Development Service and Airway
Fac!iitles Service group. As a result of this group's review
and resolution process these assumptions are expected to change
with some {ssues being closed out and some new issues being
added. The reader is cautioned to review actions of this group
before any final conclusions are formed. Table 1-3 provides an
index of the issues cited in each of the following chapters.
The issues in Table 1-3 correspond to the set of issues under
consideration by the joint group as of December 1980, and the

item numbers are consistent with those assigned by the group.
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2.

EN ROUTE FACILITIES

This chapter describes the system improvements planned for
En Route Facilities and the interfaces with other ATC facitities
for Current, Near Term, and Far Term time periods. The ATC

facilities and time periods are defined in Chapter 1.

As described in this chapter, an En Route Facility consists
generally of those portions of the en route air traffic control
system that are contained in the ARTCC (Air Route Traffic
Control Center) building. The facility consists of en route ATC
(Air Traffic Control) system equipment, en route ATC system
gsoftware, and the personnel associated with this equipment and
software. Other equipment and functions are physically located
at en route facilities but are not discussed in this chapter.
For example, NADIN (National Airspace Data Interchange Network)
concentrators, NADIN switches, and voice radio equipment are, or
will be, located at en route facilities. These are described in
the Communications Facilities chapter (Chapter 9). Similarly,
Flight Service Data Processing Systems (FSDPS) are to be located
at ARTCCs but are described in the Flight Service Facilities
chapter (Chapter 6) rather than in this chapter.

The emphasis in this chapter is on future improvements to those
en route functions directly related to the providing of ATC
services. Administrative functions, maintenance (with the
exception of new automated capabilities), logistics, etc., are
not included. The communications within the building and
between the building and other elements of the system are
generally not described; however, the external interfaces and

the types of information sent across these interfaces are

bl
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indicated.

The remainder of this chapter consists of the following sections:

e En Route Facilities Improvements (2.1). This section

lists important functions/features and the improvements
planned for them. For each function/feature, there is a
brief description of the function and the planned
improvement(s). The section contains three Information
Flow Diagrams -- one for each of the three system

phases: Current, Near Term, and Far Term. The diagrams
show:

~ the facilities that provide inputs to an ARTCC

- the principal types of inputs provided by each of
these facilities

- ARTCC functions

?

- the facilities that are provided with outputs from an
ARTCC

- the principal types of outputs provided to ‘those
factlities by the ARTCC

En Route Facilities Connectivity (2.2). This section
contains three connectivity diagrams -- one for each of
the three system phases (see above). The changes in

connectivity between phases are briefly described.

2-2
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o En Route Facilities Tentative Implementation Schedule
(2.3). This section contains a figure that shows the
tentative implementation schedule for the principal

improvements affecting the En Route Facilities.

e En Route Facilities Interface Planning Summary (2.4).
This section summarizes the major assumptions that were
made in regard to the implementation and interfacing of

the various improvements.

2.1 En Route Facilities Improvements

Table 2~1 summarizes the En Route Facilitles improvements and
related improvements that, according to current plans, are
expected to be implemented in the Near Term and Far Term. There
are other improvements tha; are, according to current plans,
less likely to be implemented. These are listed as Potential
and Longer Range Improvements in the same table. Related
improvements such as DABS (Discrete Address Beacon System),
ATARS (Automated Traffic Advisory and Resolution Service), and
BCAS (Beacon Collision Avoidance System) are also cited.
Although these are not contained within ARTCC buildings, they
perform functions similar to ARTCC functions, or they are
closely interfaced with ARTCC functions.

Figures 2-~1, 2-2, and 2-3 show respectively the Current, Near
Term, and‘Far Term information flow between an En Route Facility
(ARTCC) and other elements of the ATC system. In each figure,
the ARTCC 18 shown as a large box in the middle. The inputs to
the ARTCC are shown to the left of the box; the outputs from the
ARTCC are shown to the right. Within the box itself,
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functions/features are listed. For the Near Term and Far Term
figures, these are the new functions/features that are expected
to be available at the end of the period for which the figure
was prepared. The Current figure shows the functions/features
as they existed in December 1980. In some cases, the inputs and
outputs that are listed are general categories of inputs and
outputs rather than all of the input and output message types
within the categories.

The principal changes in information flow and in functions from
the Current system to the Near Term system are underlined in
Figure 2-2. Similarly, underlining is used in Figure 2-3 to
indicate the principal changes from the Near Term system to the
Far Term system. The changes in functions, the inputs to the
functions, and the outputs from the functions are described in

the following paragraphs.

2.1.1 En Route Data Processing Equipment

This section and the following section (2.1.2 En Route
Input/Output Equipment) are concerned with the computer hardware
in the ARTCC building, as opposed to software, software
functions, and data processing. The equipment described in this
section is primarily used for data processing. However, such
equipment has f{nput/output characteristics that make it
difficult to separate the data processing equipment from the
input/output equipment that is described in the next section.

In particular, DARC (Direct Access Radar Channel) and ETABS (En
Route Tabular Display Subsystem) are concerned with both data
processing and input/output. They have therefore been included
in both sections. The other major ARTCC data processing
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equipments included in this section are: Central Computer

Complex, Display Channel Processor, Maintenance Processor

 Subsystem, and the potential Applications Processor for DABS

(Discrete Address Beacon System) Data Link.

2.1.1.1 Current System

Principal Data Processing Equipment

IBM 9020As and 9020Ds are used as CCCs (Cehtral Computer
Complex). IBM 9020Es are used as Display Channel Processors in
some ARTCCs. Most ARTCCs use CDCs (Computer Display Channel) as

Display Channel Processors.

DARC

DARC (Direct Access Radar Channel) equipment has recently been
installed at ARTCCs to provide a backup display capability for
surveillance information. It furnishes controllers with plan
view display capabilities when such capabilities are not
available through the primary surveillance channel. DARC will
normally be used when there 18 a failure in the primary
surveillance data display capability. It also may be used to
free the ARTCC's data processing capabilities, or portions
thereof, for maintenance work while still allowing 24-hour-a-day
operation of the ARTCC. PVDs are supplied with an additional
backup surveillance display capability through broadband data
that is sent from the surveillance sites. The broadband
capability allows the display of beacon replies and search radar
returns (including weather targets), but does not provide data

block labels for aircraft, altitude displays (Mode C and
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Assigned), or map data displays. DARC does provide these latter
capabilities as well as the display of beacon replies and search

radar returns.
Maintenance

The System Maintenance Monitoring Console (SMMC) in the ARTCC
provides a centralized monitoring and control capability for the
ARTCC's Systems Engineers. For the equipment within the ARTCC
building, extensive status information is automatically sent to
the SMMC on a regular schedule. For remotely located equipment,
much less information is automatically made available to the
SMMC, and therefore, periodic visits of maintenance personnel to
the remote sites are required in order to perform most
maintenance and certification functions. For en route
surveillance sites, status messages are periodically sent to the
SMMC. For Navigation Aids and RCAGs (Remote Communications
Air/Ground), information must be entered manually at the SMMC

after it is received by voice telephone.

2.1.1.2 Near Term Improvements

Principal Data Processing Equipment

There are no Near Term improvements planned for the CCC or

Display Channel Processor.

DARC

DARC will be enhanced with a number of features including
automatic tracking, a substantial two-way interface with the

2-1r




€CC, surveillance data mosaicking, Conflict Alert, EMSAW (En
Route Minimum Safe Altitude Warning), automatic assignment of
beacon codes, and improved keyboard control. The latter will
allow DARC to have almor.c all of the controller entry and
readout capabilities that are currently available at the "R"
Position Console when it is being serviced by the primary

surveillance channel.

Maintenance

Improvements in the maintenance of remote facilities are planned
through the use of automation techniques. New data processing
equipment at ARTCCs will communicate with automated monitoring
equipment at the remote sites. The equipment at each ARTCC will
be a Maintenance Processor Subsystem (MPS). In the Near Term,
MPSs will control and communicate with Remote Monitor Subsystems
(RMS) at RCAGs and VORTACs (Colocated VOR (Very High Frequency
Omnirange Station) and TACAN (Tactical Air Navigation)). The
MPSs will thus build up a central data base for the various
remote equipments. The MPSs and RMSs are part of the Remote
Maintenance Monitor System (RMMS). This system is expected to
improve the use of personnel resources and the availability of
remote systems. Maintenance personnel will be provided with
terminals to access the MPS data base containing current status
and historical information concerning equipment performance.

The basic capabilities being addressed by the RMMS program at
the present time are: monitoring equipments and alarms, remote
certification, automated recordkeeping, trend analysis, failure
prediction, and remote control of power sources. Monitored
parameters would be continuously scanned and compared against

stored standards. Certification would be provided remotely if
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the parameters were fouqd to be within a specified acceptable
range. Facility logs and facility performance reports would be
kept automatically by the central processor, and outages would
be automatically reported. The trend analysis would provide an
early detection of weak links and a long term evaluation of Mean
Time Between Falilures (MTBF) and Mean Time Between Repairs
(MTBR). The remote control capability might be limited to

generator activation/deactivation.

Since this document concentrates on those functions directly
related to the providing of ATC services, RMMS and other
maintenance functions are not shown in the connectivity diagrams
contained in Section 2.2. Similar capabilities are expected for
TRACONs and Towers under a separate program. The relationship
between the TRACON/Tower RMMS program and the En Route RMMS is
not well defined at the present time.

2.1.1.3 Far Term Improvements

Principal Data Processing Equipment

There are no Far Term improvements planned for the CCC, Display

Channel Processor, or DARC.

ETABS

ETABS (Electronic Tabular Display Subsystem) is expected to be
implemented in the Far Term. ETABS is primarily concerned with
aiding controllers in their entry and readout of data. However,
it can perform data processing functions such as routing of

information among sectors, maintaining a flight data base, and
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providing substantial support to sector operations when the CCC

is not operational. ETABS ig more fully described in 2.1.2.3.

Maintenance

Far Term plans call for RMMS to be extended to include En Route
surveillance radars. RMSs would be deployed at the surveillance
sites and would communicate with the MPS at the host ARTCC.
Search radar, beacon, and Common Digitizer equipment would be

monitored by the new RMSs.

2.1.1.4 Potential and Longer Range Improvements

Principal Data Processing Equipment

At some ARTCCs, the current en route computer equipment and
software are being used close to their maximum capabilities.
Within a few years, at these sites, it may not be possible to
satisfy the en route operational and maintenance requirements
with the current equipment and software. Increased needs are
anticipated in regard to computer capacity, relfability, and
maintainability: N

® Increases in traffic load and the incorporation of new
functions/features will require increased computer

capacity.
® Relilability needs to be increased because it is expected

that fewer qualified controller personnel per controlled

aircraft will be available for manual backup in case of

automation failures.
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e Because of aging equipment and possible difficulties in
obtaining replacement parts, maintenance may become

increasingly difficult.

Studies are now underway to determine the best course of action
to be taken to achieve increased computer capacity, reliability,
availability, and maintainahility. The replacement of en route
computers is expected to occur in the late 1988 to 1990 time
frame. In the meantime, various measures are being considered
to decrease the load on the 9020s and particularly on the CCC:

e Minimizing the use of the Dynamic Simulation (DYSIM)
capabilities by performing controller training at the
Radar Training Facility at Oklahoma City rather than at
ARTCCs.

e Offloading of Data Recording to offline recorders.

e Offloading of the Real Time Quality Control of radar
(RTQC) to DARC.

DARC

A number of potential improvements are being considered in
connection with DARC. The possibility of isolating Radar Data
Processing (RDP) from Flight Data Processing (FDP) within the
CCC is being investigated. The goal would be to remove RDP from
the CCC and perform it within DARC. This removal of the RDP
load from the CCC would allow the CCC to perform FDP even if
there were substantial increases in traffic load or if there

were fewer CCC storage elements available.
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Data Link Applications Processor

A special applications processor may be needed at each ARTCC to
handle DABS/Data Link requirements.

Maintenance

Potential improvements in the RMMS capability include remote
diagnostics, i{solation of failing equipment, and remote
adjustment of equipment. They also include failure anticipation
and scheduling of corrective action prior to malfunction.
Computer files of equipment problems and solutions may also be

incorporated.

2.1.2 En Route Input/Output Equipment

This section and the previous section (2.1.1 En Route Data
Processing Equipment) are concerned with equipment in the ARTCC
building, as opposed to software, software functions, and data
processing. The equipment described in this section is
primarily concerned with the input and output of information to
equipment and personnel at the ARTCC. Most of the devices that
allow controllers to enter or see data are included. Equipments
concerned with the input of gurveillance and weather data are
also included. For convenience sake, the general subject of
aviation weather is also treated here. DARC and ETABS are

included here as well as in 2.1.1.
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2.1.2.1 Current System

Controllers' Input/Output Equipment

The data input/output equipments used by en route controllers
are:

e Computer Entry Devices (CED)
e Computer Readout Displays (CRD)

e Plan View Displays (PVD) (part of the Radar Controller
Consgole)

e Data Entry Controls (DEC) (the part of the Radar
Controller Console that allows the entry of data through
the Alphanumeric Keyboard, Trackball, and Quick Action
Keys; and allows the control of che PVD through Display
Filter Keys, Range Control, Off-centering Keys, etc.).

e Flight Strip Printers (FSP)

FDEPs and FSPs

ARTCCs communicate with Flight Data Entry and Printout equipment
(FDEP) at TRACONs/Towers. The equipment is primarily used to
collect and disseminate flight plan data and flight progress
strips. The current FDEP equipment requires excessive
maintenance, particularly on the printers, and causes
operational delays or backlogs because of its low printing rate

of approximately 10 characters per second. Similar difficulties
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are experienced with the FSPs in the ARTCC.

Surveillance Data Input Equipment

A limited backup capability for ARTCC sector control positions
is currently provided through DARC. This improvement was
described in 2.1.1.1. Broadband surveillance data capabilities
are available to Radar Controllers through the primary
surveillance channel. The displayed data 1is frequently used by
controllers for its ability to show weather conditions.

Weather

Currently, the collection, processing, and dissemination of
aviation weather is partially integrated within an ARTCC through
the ARTCC's CWSU (Center Weather Service Unit). CWSUs are
located in all ARTCCs to provide a consolidation of ARTCC
weather services. The CWSUs are designed to be the major focal
points for real-time collection, monitoring, interpretation, and
dissemination of hazardous weather information. Professional
meteorologists man each CWSU. They monitor weather developments
and provide general weather briefings and hazardous weather
advisory service to controllers. One of their duties is the
collection, interpretation, and disseminatibn of PIREPs (Pilot
Reports). Each CWSU has:

e a PVD with a capability of selectively viewing all
gsectors within the ARTCC

e WBRRs (Weather Bureau Remote Radar recorders) that

receive their data from NWS WSR-57 radars

2-17
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a facsimile machine for receiving weather maps
a GOES (Geostationary Operational Environmental
Satellite) satellite photo recorder that receives its

information from a Satellite Field Service Station

a Service "A" teletypewriter drop for receiving weather
information from the WMSC

telephone and interphone service.

2.1.2.2 Near Term Improvements

Controllers' Input/Output Equipment

No Near Term changes are planned for CEDs, CRDs, and Radar

Controller Consoles.

FDEPs, FSPs, and FDIOs

In the Near Term, the CCC input/output situation will be

improved through the replacement of Flight Strip Printers (FSP)

and Flight Data Entry and Printout (FDEP) equipment. The new
equipment, FDIO (Flight Data Input Output), is being procured to

satisfy the needs for faster operation, greater flexibility,

greater reliability, and increased ease of maintenance.

At the ARTCCs, the FSPs will be replaced by FDIO printers that

will print at a speed of at least 30 characters per second. At
the TRACONs/Towers, the FDEPs will be replaced with FDIO Cathode
Ray Tube (CRT) displays, keyboards, and printers. The FDIO
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control equipment at TRACONs/Towers will communicate with the
CCC at a rate of 2400 bits per second (bps). The aminim. a4
rate capabilities of the. input/output equipment at the
TRACONs/Towers will be: CRT - 2400 bps, Keyboard - 1200 bps,
and Printer - 30 characters per second. Through its use of
multiplexing techniques, FDIO will reduce the CCC communications
load and sharply reduce the number of adapter and control units

connected to the CCC.

Surveillance Data Input Equipment

DARC will be enhanced with a number of features. These were
described in 2.1.1.2.

Weather

Radar Remote Weather Display Systems (RRWDS) will be installed
at ARTCCs to provide color displays of weather data to CWSU
personnel. Each RRWDS will have up to twelve different
processors - one for each of the possible weather radars that
can be hard-wired to RRWDS. East of the Rockies, NWS radars
will be the source of weather data; over the Rockies and to the
west of them, some ARSRs will be used. RRWDS will provide two
or three situation displays (color) at each CWSU. RRWDS will bhe
able to store the weather pictures for all of the twelve
surveillance sites. One display will be able to be switched to
receiye data from any one of the sites. The other display will
be able to receive data, through dialup telephone, from any one
of the weather radar sites in the country. This data picture
will then be stored and displayed.
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Later in the Near Term, En Route Weather Display Systems (EWEDS)
will replace RRWDS in all ARTCCs. (RRWDS will be moved to
Flight Service Facilities.) EWEDS will be installed at ARTCCs
to provide color displays of weather data to sector
controllers. Each EWEDS will have a single processor (instead
of the multiple processors in RRWDS) to receive, process, store
and display surveillance data from as many as twelve
surveillance sites. It will drive 10 inch (vertical) Sector
Weather Displays (color). Controllers at each sector position
will be able to control the data displayed at that position.
They will be able to select any of the surveillance sites,

change range, and change offcentering for their display.

In the Near Term, Dual Common Digitizers (CD-28) are expected to
be available at en route surveillance sites. In addition to
improving reliability through redundancy, they would provide
improved weather data for display on PVDs.

2.1.2.3 Far Term Improvements

ETABS

In the Far Term, ETABS (Electronic Tabular Display Subsystem) is
expected to be implemented. The primary purpose of ETABS is to
improve controller productivity in ARTCCs. ETABS would replace
the Flight Strip Printers, the Computer Entry Devices at "A" and

“D” Positions, and the Computer Readout Devices at "A” and "D"

-Positions.

In the present en route system, controllers handle flight

progress strips and enter messages into the computer via
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keyboards and trackballs. ETABS would:

1. Eliminate flight progress strips,

2. Provide controllers with easier methods of entry of
flight data,

3. Allow controllers to have easier methods of control and

greater control of the display of flight data,

4. Provide displayed data in a wider range of more usable
formats,

5. Provide more timely information (flight data and other)

to controllers,

6. Display alphanumeric weather data, including routine

information and alerts, and
7. Provide substantial support to sector operations when the
CCC (Central Computer Complex) is not operational. The

support function would:

a. Receive, store, and process data in such a way as to

allow controllers to:
(1) Update displayed flight data,
(2) Perform intra-center handoff actions, and

(3) Request and receive flight plan readouts.
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b. Allow the results of such controller actions to be

forwarded to the CCC when it resumes operation,

c. Allow the updating of flight data by ETABS, and

d. Allow the routing of information among sectors to be

performed by ETABS.

All of the inputs to ETABS would come from within the ARTCC:

o flight plans, flight data, other data. Entered by
controllers and/or obtained from the CCC through the
Data Entry and Display Subsystem.

All of the outputs from ETABS would go to equipment within the
ARTCC:

o displayed, sequenced flight data entries. Used by "D"
Controllers.

o displayed menus of potential messages (e.g.: Departure,
Hold, Cancellation) and message components (e.g.:
altitudes, fixes). Used by "D" Controllers to enter

messages.

o up-to—date flight data. To be provided to the CCC {if
needed after the CCC has been down.

Surveillance Data Input Equipment

It is expected that the broadband surveillance data
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communication capabilities will be eliminated in the Far Term.
Elimination will be contingent upon the availability of
acceptable digital weather data, dual Common Digitizers (CD-2),
and the implementation of the currently planned DARC

enhancements.
Weather

It ies expected that the CWSU will be enhanced in the Far Term.
The WBRRs would recetve three-dimensional weather data from
NEXRAD (Next Generation Weather Radar) sites, and the Service A
teletypewriters would be replaced with higher speed
communication through NADIN (National Airspace Data Interchange
Network).

Improved display of ARTCC weather would also be available
through the three-dimensional, digitized, Doppler weather data
that is expected to be obtained from NEXRAD. Digitized weather
data, including data on areas of turbulence as well as areas of
precipition, would also be obtained from NEXRAD. According to
current concepts, the turbulent area information would be
displayed as hazardous area contours on PVDs and supplementary

information would be displayed on EWEDS displays.

2.1.2.4 Potential and Longer Range Improvements

ETABS

Pogsible methods of backing up ETABS are being investigated.
Algo, the interfacing of ETABS with DARC and/or adjacent ARTCCs

i{s being considered. With such an arrangement, the effects of
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failures in the ARTCC's CCC and/or Data Entry and Display
Subsystem might be minimized.

Sector Suite

Enhancement of the "R” Position Console is being considered as a
potential improvement in this area. A capability similar to
that provided to the "D" Positions through ETABS 18 favored.

The use of tabular display panels with touch input capabilities
and the use of color cathode ray tubes instead of the present
monochromatic tubes at the "R" Position have been the subject of
recent investigation and experimentation. Preliminary efforts
are also underway on an overall design of the sector suite
including ETABS and the "R" Position Console.

Weather

It is expected that after the 9020 Replacement system is in
place, extensive use (on ARTCC situation displays) will be made
of three~dimensional weather data and multiple contour (levels
of weather intensity) data that would be available.

Weather data that can be observed by an aircraft may be
down-linked from the aircraft via DABS Data Link. That data

would then be used in weather status and forecasting programs.

The Aviation Weather System (AWES) is a potential integrated
weather capability. Since the AWES concept is still under
study, the plans for AWES are very tentative. The following is
a brief description of this proposed capability. The CWSU at
each ARTCC would become the focal point for all weather
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information for the Center area. The CWSU would receive PIREPs
from ARTCC controllers or from pilots. The CWSU would receive
the rest of its information from the Center Weather Processing
Complex (CWPC). The CWPC would consist of the FSDPS augmented
with additional data processing equipment and of a new radar
data processing capability for NEXRAD data. The CWPC would
receive weather information from many sources and would make
graphic and alphanumeric information available to the CWSU.
CWSU personnel would analyze the information and would prepare
weather advisory information in alphanumeric and graphic (PVD)
form. This would be sent to the CWPC for distribution to
aircraft (via the DABS Data Link Applications Processor), to
ARTCC sector controllers (via the 9020, 9020R, and/or ETABS),
and to TRACONs and Towers (via TIDS). No decision has been
reached as to the method by which CWSU personnel would send
graphic data to controllers' situation displays in ARTCCs and
TRACONs. The Tower and TRACON weather processing functions
would be part of TIDS.

2.1.3 Processing and Display of ATC and Related Data

This section and the fecllowing sections are concerned with the
software functions that process data within the ARTCC, as
opposed to the equipment used for input, output, and
processing. The latter subjects were discussed in the previous
two sections (2.1.1 and 2.1.2).
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2.1.3.1 Current System

Flight Data Processing

Currently, Flight Data Processing is performed automatically in
the CCC. This function collects and processes Flight Plans and
related data so as to provide information to controllers and to
other processing functions (e.g., Flight Plan Aided Tracking,
Conflict Alert). Processed flight data information i8 printed
on flight progress strips, displayed on Computer Readout
Displays, and sent to adjacent facilities (ARTCCs, TRACONs,
etc.). Flight Data Processing includes:

o the acceptance and processing of flight data entered

from within the ARTCC and from remote locations

o the storage and processing of pre-filed flight plans,
and making such flight data available at the correct

chronological time

o the preparation of fix time calculations

o the storing and readout, upon request, of selected
weather observations, altimeter settings, etc.

Flight data processing includes the checking and conversion of
filed routes of flight that are contained within flight plans.
It must process many varieties of routes (from random direct
routes to highly structured, pre-stored routes) so as to provide
check points and calculated times of arrival for use by

controllers and by other software functions.
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2.1.3.2 Near Term Improvements

DARC

There are a number of Near Term DARC enhancements that would
provide improved backup display capabilities to controllers.
Specifically, automatic tracking and surveillance data
mosaicking should significantly aid controllers.

Maintenance

Remote Maintenance Monitor System (RMMS) data will be available
from RCAG equipment and VORTAC equipment. Such data will be
received and processed by the Maintenance Processor System at
each ARTCC. Further information on this subject is available in
2.1.2.2.

Eiﬁﬁ?t Data Processing

Current plans do not provide for any specific changes in the
automated Flight Data Processing function for the Near Term.

2.1.3.3 Far Term Improvements

DABS/ATARS/DABS Data Link

DABS/ATARS data from selected Terminal Surveillance Sites is
expected to be available for use at some ARTCCs. DABS Data Link
services will not be provided to the ARTCCs by terminal DABS
3ites except for ATARS related messages. Interfaces and display
‘ormats will be designed for the ARTCC to handle surveillance
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and ATARS data from Terminal DABS Sites. Decisions have not
been made as t whether or not Terminal DABS Sites will be
interfaced with ARTCCs and whether or not data from those sites
will be displayed to en route controllers. However, for the
purposes of this document, it has been assumed that both the
{nterfacing and display capabilities will be implemented.

ETABS

In the Far Term, the expected implementation of ETABS will
provide some flight data processing capability -- especially in
its role as backup to the CCC. (See 2.1.2.3 for further
information on ETABS.)

Maintenance

RMMS data for En Route Surveillance Sites would be available for
processing by the Maintenance Processor System at each ARTCC.

FDEPs, FDIOs, and TIDS

In the Far Term, ARTCCs would interface with TIDS (Terminal
Information Display System) at some TRACONs (Terminal Radar
Approach Control, IFR Room). Flight progress strips would not
be prepared for TIDS-equipped TRACONs. TRACONs/TRACABs receive
flight progress strips (via FDEPs in the Current system; FDIOs
in the Near Term system) and flight plans (via the terminal
computer - ARTS III or ARTS II) from their host ARTCCs. The
ARTS computers are only sent flight plans for those aircraft
that are to arrive or depart within the next few minutes. In
the Par Term, it is expected that ARTCCs will send flight data
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to TIDS-equipped TRACONs as much ag two hours in advance of the

scheduled arrivals or departures.

2.1.3.4 Potential and Longer Range Improvements

AERA

AERA (Automated En Route Air Traffic Control) is an advanced air
traffic control capability that is currently under development.
The following brief description is based on Reference 2-32.

Two of the most important ways in which AERA's capabilities
differ from the capabilities of the current ATC system are:

o Overall, integrated planning and monitoring of each
individual flight. The AERA planning process approaches
a complete, beginning-to-end, automated planning and
monitoring of each flight. The process would minimize
in-flight changes and provide a conflict-free path.

o Overall, integrated planning and monitoring of the
three-dimensional flow of all air traffic in an AERA

planning region. The planning and monitoring would
provide metered, conflict-free flow using flight plan,
surveillance, wind, weather, and aircraft data.

AERA would:

o Perform routine aircraft separation. This would be done

with minimum deviation from the desired flight plans. It

would continuously project flight plans 10 to 30 minutes
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into the future. Within these projections, it would
look for delays and conflicts that have high
probabilities of occurring and would plan solutions for

such gituations.

Control routine traffic flow. This would include the
automatic apportioning of delays and the automatic
1imiting of the incoming traffic flow to AERA planning
regions. Such regions would consist of a number of

sectors.
Generate, deliver, and acknowledge routine clearances.

Allow controllers to be ATC managers. They could check
the routine AERA ATC processing and intervene when t hey

wish, rather than be constantly engaged in routine work.

Automatically adjust all affected flight plans and
clearances to changed situations. It would adjust to
the unexpected deviation of a single aircraft or to
general changes such as airport runvay closures, severe

weather, or malfunctioning of navigation equipment.

Generate and transmit flow control requests to adjust
facilities and/or the national flow control system. It
would also accept and act upon flow control requests
from adjacent facilities and the national flow control

system.

Require no special avionics equipment.
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The use of AERA should allow:

Widespread use of direct routes and fuel-efficient

altitude/speed profiles (departure, cruise, arrival).

An increase in controller productivity. A controller

would not have to:

- Plan and implement efficient conflict resolutions.

~ Transmit clearances and receive acknowledgements.

= Handle as many transfers of responsibility
(handoffs), since AERA would reduce the number of

gsectors per ARTCC.

A reduction in the number of System Errors (observed
violations of ATC separation standards). The reduction
should occur as a result of controllers being relieved

of routine functions.

Adrcraft/Afir Crew/Air Carrier users to file requests for

specific detailed altitude/speed profiles, or general
(horizontal) routes. AERA would accommodate the users
to as large an extent as possible, but in any case,
would provide routes and profiles tailored to the

aircraft and the environment.

A decrease in procedural limitations in the use of
airspace. In today's ATC system, there are procedural

restrictions that keep aircraft at inefficient low
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altitudes or on circuitous routings. These procedures
are pre—arranged among ATC facilities to ensure that
potentially conflicting traffic flows will always be
separated, either laterally or vertically, after
allowing for a range of fndividual deviations. Since
the flows are separated, limited deviations need not be
dealt with, and individual clearances need not be
coordinated with other ATC sectors or facilities. The
limiting factor that leads to the imposition of
procedural restrictions {s the controller's capaciiy to
coordinate clearances - not the saturation of airspace
with aircraft. Therefore, a more automated process for
coordinating individual flight clearances should greatly
reduce the need for rigid flow restrictions. Only
isolated "hot spots” that are not amenable to reliable
automated conflict resolution would have procedural

restraints.

The implementation of the full capabilities of AERA is
contingent upon the replacement of current en route computers,
since they do not have the capacity to handle all of the AERA
functions. However, many of the AERA functions would be useful
in the current National Airspace System, and could be
implemented in augmentation processors attached to the current
NAS.

ATARS/DABS Data Link

A longer range improvement {s the availability of ATARS data
from En Route Surveillance Sites. A brief description of ATARS

can be found {n 2.1.4.4. Further information on the subject can




be found in 3.1.4. DABS Data Link capabilities would be
available to the ARTCC in connection with the implementation of
DABS/ATARS. A description of these capabilities can be found in
2.1.5.4.

2.1.4 Aircraft Separation Services

2.1.4.1 Current System

Conflict Alert

Currently, through Conflict Alert, controllers are provided with
waraings of potential conflicts between all tracked aircraft in
the system. The Conflict Alert function, and the inputs and
outputs for that function, are contained within the CCC. Alerts
can result from the present positions or predicted future
positions of aircraft. Alerts are displayed to appropriate
controllers. Controllers determine their own solutions to

conflict situations with virtually no automation aid.

2.1.4.2 Near Term Improvements

Conilict Alert

Current plans call for the addition of an IFR/VFR Conflict
Advisory Function in Conflict Alert in the Near Term. This
function would provide automatic detection of immediate
potential conflicts between a ncrmally tracked aircraft and a

Mode C equipped VFR intruder aircraft.
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Conflict Resolution Advisory

In the Near Term, it is expected that the Conflict Resolution
Advisory function will be available to aid controllers in
resolving many of the aircraft conflicts predicted by the
Conflict Alert function. The Conflict Resolution Advisory
function would provide resolution advisory service for potential
conflicts. All of the inputs to the Conflict Resolution
Advisory function would come from information in the ARTCC's
data base. Aircraft positional information would come from the
Automatic Tracking function. Indications of potential conflicts
would come from the Conflict Alert function. Resolution
advisories, the outputs of the Conflict Resolution function,

would be displayed to appropriate controllers.

Active BCAS

Active BCAS (Beacon Collision Avoidance System) is an
improvement related to Conflict Alert that 1{s expected to be
accomplished through systems that would not be contained within
ARTCC buildings. It is mentioned here because of its
relationship with Conflict Alert. Active BCAS is planned for
implementation in the Near Term. BCAS would serve as a backup
to the Conflict Alert capability provided by ARTCCs. It is
anticipated that BCAS avionics would be installed in most air
carrier and high performance general aviation aircraft. BCAS 1is
an airborne collision avoidance system that would function
through replies that it would receive from DABS and ATCRBS (Air
Traffic Control Radar Beacon System) transponders on other
aircraft. It would use these inputs to calculate range,

relative altitude, and closing rate information in relation to
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the other aircraft that are possible collision threats. When
the projected time to collision 1s about 30 seconds, BCAS would
{ndicate recommended avoidance maneuvers on a display in the
cockpit of the BCAS-equipped aircraft. More detailed
information can be found in 3.1.4.

2.1.4.3 Far Term Improvements

No direct Far Term en route improvements in Aircraft Separation
Services are planned for the Far Term. Indirect improvements in
this area may be available through the ATARS data that is
expected to be available from selected Terminal Surveillance
Sites. ATARS (Automatic Traffic Advisory and Resolution
Service) would be installed at Terminal DABS Sites in the Far
Term. Terminal ATARS is being designed to provide ATARS
services to selected ad jacent ARTCCs. The specific en route

processing and display of such data have not been determined.

2.1.4.4 Potential and Longer Range Improvements

ATARS

ATARS 1is a backup collision avoidance capability that as
currently planned, would not have any portions of its hardware
or software housed in ARTCC buildings. It is mentioned here
because of its relationship with Conflict Alert. DABS and ATARS
are expected to be implemented at En Route Surveillance Sites
after replacement of the en route ATC computers. There, they
will provide more extensive ATARS service to ARTCCs. ATARS
would track target data obtained from DABS and check projected

aircraft positions for closeness to one another. When
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appropriate, ATARS would prepare warning messages and
recommended resolution maneuvers for upiinking to
DABS/ATARS-equipped aircraft through DABS Data Link (see
2.1.5.4). The information could be displayed to the pilot on an

‘ ATARS display in the cockpit. This information could also be

L sent to TRACONs and ARTCCs for display at appropriate sector

: positions. More detailed information on ATARS can be found in

1 3.1.4.

I AERA
AERA would provide aircraft separation services. It has been
described in 2.1.3.4.

] BCAS

! Full BCAS 1s a potential backup aircraft separation service. It
E is a more sophisticated version of Active BCAS (see 2.1.4.2). A
{ more detailed description of Active and Full BCAS can be found

E in 3.1.4.
I

2.1.5 Communication with Aircraft

2.1.5.1 Current System

Currently, controllers send and receive much information through

voice radio (UHF and VHF) connections with aircraft.

2.1.5.2 Near Term Improvements

No Near Term changes are included in the current plans.
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2.1.5.3 Far Term Improvements

No Far Term changes are included in the current plans.

2.1.5.4 Potential and Longer Range Improvements

DABS Data Link and CMA (Control Message Automation) are longer
range improvements. DABS Data Link is being planned and
designed as a supplement to the voice radio capabilities. Many
routine and high-priority messages could be transmitted via Data
Link. CMA would provide the link between the ARTCC (the
controllers and automated functions) and the Data Link
processing capabilities at the DABS site. CMA would handle
functions such as formatting, internal management of records and
messages, and the establighment and use of priorities for data
link messages. CMA would handle messages that may be generated
through functions/features such as Altitude Assignment,
Frequency Assignment, AERA, and EMSAW. Conflict Resolution
Advisory, ETABS, etc. Work is underway in these areas, but the
overall use of DABS Data Link for communication between ARTCCs

and aircraft has not been determined.

2.1.6 Detection of Unsafe/Unacceptable Use of Airspace

2.1.6.1 Current System

Currently, EMSAW (En Route Minimum Safe Altitude Warning System)
uses computer software to automatically compare reported

aircraft altitudes to minimum safe altitudes in order to detect
instances in which an aircraft is now, or in the near future

will be, below a minimum safe altitude. EMSAW warns a
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controller of such a situation through information displayed on
the controller's PVD. The controller then advises theé aircraft

alr crews of the situation through voice radio.

2.1.6.2 Near Term Improvements

No Near Term improvements are currently planned.

2.1.6.3 Far Term Improvements

No Far Term improvements are currently planned.

2.1.6.4 Potential and Longer Range Improvements

ATARS Avoidance Advisories

Additional capabilities for detecting unsafe or unacceptable use
of airspace are expected to be implemented as part of ATARS.
These would provide pilots and controllers with real-time

messages that would allow aircraft to avoid:
o Terrain (hills, valleys, sloping land),

o Obstacles (TV towers, microwave relay towers, radio

towers, tall buildings), and

o Special Airspace (Terminal Control Areas, Restricted
Airspace, Prohibited Airspace).

The avoidance information would also be needed by ATARS in order

to prevent collision avoidance resolution advisories from béing
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given that would maneuver alrcraft into terrain, obstacles, or
special airspace. Preliminary investigations of these functions

have been made.

AERA

AERA would incorporate monitoring of aircraft as to their
occupation of airspace that is acceptable as to altitude and
other restrictions. More detailed information on AERA can be
found in 2.1.3.4.

DABS Data Link

A potential improvement that is being considered is the use of
DABS Data Link to uplink ATARS Terrain, Obstacle, and Special
Airspace Avoidance Advisories an&/or EMSAW Avoidance Advisories

to alrcraft.

2.1.7 Traffic Flow Management

Local Flow Control

Local Flow Control is concerned with the general flow of traffic
within an ARTCC's boundaries. Local Flow Controllers monitor
events that may cause marked increases or decreases in traffic
flow in particular areas. When warranted, they take actfons to
adjust the resources of the ARTCC to these events. Examples of
events that are looked for, are: severe weather in an ARTCC
area, an unusually large gathering of people for a special event
(e.g., sporting event, political meeting, business convention),

and a current or future buildup of traffic within specific
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sectors. Actions that can be taken include: changing the flow
of traffic, changing sectorization, distributing ATC-caused
delays equitably among aircraft, and arranging for additional
controllers to be available to handle heavy predicted loads.

En Route Metering

En Route Metering organizes the flow of en route traffic bound
for terminal areas. The obiective of the En Route Metering
Function is to deliver aircraft to terminal feeder fixes at
those times that will provide the following features to as large

an extent as possible without compromising safety:
a. Satisfaction of the TRACON's required acceptance rate,
b. Conservation of fuel through the use of delay
absorption methods (i.e., speed reductions and idle

thrust descents) and transferring major delays to

high altitude airspace,
¢c. Equitable distribution of ATC-caused delays
(including previous delays in the air and on the

ground) among the various flights, and

d. Minimum congestion and noise in and around terminal

areas.

Two levels of automation have been identified in this area:

o En Route Metering I. This is the package specified by
Conf iguration Control Directive 4319.
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o En Route Metering II. This is the package specified by
“En Route Metering Functional Specification” of
September 1980 (Reference 2-7).

2.1.7.1 Current System

En Route Metering

With the exception of the Fort Worth and Denver ARTCCs, metering
is currently performed manually by metering position personnel
or by individual sector controllers. They plan the delivery of
arrival flights to terminal feeder fixes to satisfy the TRACON's

desired acceptance rate (where acceptance rate may be related to
alrways or the entire TRACON airapace).

En Route Metering I is operational at Fort Worth and Denver, and
will be implemented nationally early in the Near Term. As
indicated in Reference 2-7, this capability provides:

1. Acceptance rate metering to one or more airports so 2s
to schedule flights for delivery to a merge point with a
uniform time separation to match the acceptance rate

specified by the airport,

2. Tabular displays at one or more Metering Positions to
present such information as meter fix crossing times and

calculated landing times,

3. Tabular displays at the arrival sector R-positions to
present the time at which each metered flight should cross

its meter fix (and the estimated delay to meet that time),
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4. A repertoire of Metering Position input actions which
allow the controller to enter data such as the airport
acceptance rate and the runway configuration in use at the

metered airport.

2.1.7.2 Near Term Improvements

Local Flow Control

No direct improvements in Local Flow Control are currently
planned for the Near Term. However, indirect improvements will
be available through En Route Metering II (see below). That
function will simplify Local Flow Controllers' work because of

its organization and gmoothing of traffic flow to terminal areas.

En Route Metering

En Route Metering II will be implemented in the Near Term. As
indicated in Reference 2-7, it will expand upon the functional
capabilities provided by En Route Metering I. The major
additions will be:

1. The generation and display of advisories to the
controllers suggesting how the required delay may be taken
in a fuel-conservative manner, in addition to advisfr: the
controller of the amount of required delay asso ‘at - : rith
the suggested advisory. The types of advisor' . zene: -.ed
are outer fix advisories, speed reduction advisories,

descent control advisories, and holding advisories,

2. The generation and digplay of metering advisories to
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R-Controllers at sectors upstream from the arrival sectors,
8o as to provide more system response time for the

absorption of metering-related delays,

3. An expanded repertoire of Metering Position input
actions to allow the selection of the delay absorption
strategies to be in effect at any given instant and to
perunit a greater degree of control over the metering

process, and

4. A capability for extending the automated metering
process beyond the individual center boundaries via the

existing computer-to—-computer interface for the exchange of
metering-related data. (i.e., outer fix advisories and

inter-center radar track updates).

2.1.7.3 Far Term Improvements

Local Flow Control

No direct improvements in Local Flow Control are currently
planned for the Far Term. However, indirect improvements may be
available through the automated ARTCC-TRACON interface described
in the next paragraph.l The interface would aid the metering

process and thus simplify Local Flow Controllers' work.

\
En Route Metering

In the Far Term, an automated interface would be provided
between En Route Metering and Terminal Sequencing and Spacing so
as to allow the exchange of metering data. This data would
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include such real-time information as runway acceptance rates,

runway slot usage, or flight data for specific terminal flights.

2.1.7.4 Potential and Longer Range Improvements

AERA

A longer range potential improvement affecting this area is
AERA. This function would solve routine spacing and sequencing
problems and implement the solutions through
automatically-generated messages sent to pilots via Data Link or
voice radio. AERA would significantly aid or replace the Local
Flow Control function and would include the capabilities of En
Route Metering among its functions. (See 2.1.3.4 for further
information on AERA.)

Integrated Flow Management

Integrated Flow Management (IFM) is a concept that may be
implemented as a longer range improvement. IFM is a planning
process that would provide for communications and coordination
among the various ATC facilities (Central Flow Controi,

En Route, TRACON, Tower Cab) to assure the efficient utilization
of existing resources to meet the demand imposed on the ATC
system. It is concerned with a coordinated and efficient
systemwide operation and does not exercise any direct control of

individual aircraft. Preliminary work is underway on IFM.

2.2 En Route Facilities Connectivity

Figures 2-4, 2-5, and 2-6 show respectively, the Current, Near
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Term, and Far Term connections between an En Route Facility
(ARTCC) and other elements of the ATC system. The principal
changes in connectivity from the Current System to the Near Term
System are shown in ftalic type in Figure 2-5. Changes in
complete functions and groups of improvements are further
emphasized by being enclosed in blocks outlined with heavy,
broken lines. Similarly, italics and heavy, broken lines are
used in Figure 2-6 to indicate the principal changes in
connectivity from the Near Term System to the Far Term System.
These changes are briefly described in the following paragraphs.

Near Term

The ARTCC will communicate with Flight Service Facilities
(Flight Service Stations (FSS), Automated Flight Service
Stations (AFSS), and Flight Service Data Processing Systems
(FSDPS)) rather than just Flight Service Stations. The ARTCC's
communication with TRACONs and Towers via FDEP equipment will be
changed to higher speed communication via FDIO equipment.

Additional domestic and international flight movement
information would be sent to the ATCCC from the ARTCC for use in
Central Flow Control calculations. Data requests to the ATCCC
could be made directly over 2400 bps channels from DTEs at the
ARTCCs; responses can be received in the same manner. Line
speeds would be increased for communications between the ARTCC
and Canadian En Route Facilities, the ATCCC, WMSC, and some
Flight Service Facilities, Airline Dispatch Offices, and
Military Base Operations Offices. FSPs in the ARTCC will be
replaced by FDIO printers. The Maintenance Processor Subsystem

(MPS) would provide remote monitoring and certification of RCAGs
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and VORTACs via Remote Monitoring Subsystems at these facilities.

Except as noted above, the following improvements are internal
to the ARTCC and would cause no significant changes in
connectivity: DARC Enhancements, addition of Radar Remote
Weather Display System (RRWDS), addition of Maintenance
Processor Subsystem, addition of Sector Weather Displays
(EWEDS), IFR/VFR Conflict Advisory function, Conflict Resolution
Advisory function, and En Route Metering II.

Far Term

In the Far Term, the broadband surveillance data would be
eliminated. It would no longer be needed once the currently
planned DARC enhancements are implemented, dual Common
Digitizers (CD-2) are implemented, and acceptable digital
weather data is available. Digitized three-dimensional weather
data that includes data on areas of turbulence in addition to
areas of precipitation, would be received from NEXRAD gites.
Some terminal surveillance sites would provide the ARTCC with
information concerning ATARS warnings and ATARS recommended
maneuvers that have been sent to aircraft. The CCC in the ARTCC
will communicate with Automated Flight Service Stations, the
FSDPS in the ARTCC, and other FSDPSs. RMMS would be provided
with the additional capability of remote monitoring and
certification of En Route Surveillance Sites. The capability of
CWSUs would be improved. The ARTCC would no longer send flight
progress strip data to FDEPs or FDIOs in some TRACONs. Instead,
TIDS would use the Flight Plans that it receives from the ARTCC
to prepare flight progress data to be displayed to Tower Cab and
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TRACON/TRACAB controllers. PIREPs (Pilot Reports) and Requests
for PIREPs from the Aviation Weather Processor (AWP) would be
sent through NADIN digital data communication channels instead
of by voice. An automated interface would be established
between En Route Metering (ARTCC) and Terminal Sequencing and
Spacing (TRACON). Except as noted above, the following
improvements are internal to the ARTCC and would cause no
significant changes in connectivity: ETABS and CWSU

Enhancements.

2.3 En Route Facilities Tentative Implementation Schedule

Figure 2-7 ghows the tentative implementation schedule for the
principal improvements to the En Route Facilities. BCAS and
Terminal DABS/ATARS are also included since they are closely
related to many ARTCC functions.

Generally, the schedules for implementation are not schedules
that have been approved by FAA management. In most cases, no
decision has been made to implement the function. The schedules
are based on the best estimates of the times of avatlability of
the Technical Data Packages. The estimates have been obtained
from personnel who have been working on the specific function as

well as from budgetary information.

2.4 En Route Facilities Interface Planning Summary

In the preparation of this chapter it was necessary to make, or
accept, a number of assumptions as to what improvements would be
implemented, when they would be implemented, how they would

function at an En Route Facility, and how they would interact
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with other facilities. This section identifies assumptions and
areas of uncertainty by what are called "System Integration

Issues”.

The Integration Issues cited below were identified during the
preparation of this document and were reviewed with the
appropriagte FAA program managers. Follow-up on these issues was
undertaken by a joint Systems Research and Development Service
and Alrway Facilities Service group. The issues and assumptions
stated below were consistent with the issue descriptions still
under consideration by this group in December 1980. The reader
is cautioned to check for recent changes in the status of these

issues before forming any final conclusions.

The integration issue assumptions pertinent to En Route

Facilities are:

2.4.1 Assumptions in Regard to DABS, ATARS, and Data Link

Issue 202: Use of DABS/ATARS Data by En Route and Terminal

Automation Facilities

It was assumed that in the Far Term, ATARS Advisories and DABS
data will be sent from Terminal DABS Sites to Terminal ATC
facilities and to some adjacent En Route ATC facilities. En
Route DABS Sites will be implemented as longer. range
improvements. ATARS Advisories and DABS data will be sent from
the En Route DABS Sites to En Route ATC Facilities. En Route
and Terminal Automation Facilities will display the received

advisories to their controllers.
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Issue 706: ARTS Advisories on Non-Mode C Aircraft

It was assumed that proximity advisories will be sent to
ATARS-equipped aircraft for target aircraft that are Mode A

equipped or are tracked by search radar.

Issue 208: ARTCC Software for Use with DABS

It was assumed that the initial ARTCC software will be able to
handle DABS surveillance data, ATARS data, and interfacility
control and coordination requirements (e.g., Aircraft Control
State). Latcr software will handle en route surveillance site

data.

Iggue 204: Usge of the DABS Data Link

It was assumed that the first en route use of the data link
capability will be to provide altitude assignment confirmation.
Other uses will follow.

Iggue 205: CMA Development Activities

It was assumed that CMA will be designed and implemented to
provide formatting, internal management of records and messages,
and the establishment and use of priorities for those data link
messages that originate within the ARTCC.

Issue 203: DARC -- CCC -- DABS

It was assumed that in the DABS era, DARC will be modified to

provide appropriate control and coordination capabilities when
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the CCC is not available.

Issue 702: DABS/ATARS Operational Procedures Description

It was assumed that the subject description will be available to

specify the needed design and implementation features.

2.4.2 Assumptions in Regard to Other Issues

Issue 101: Backup ATC Capability in the Event of Catastrophic

Failure
It was assumed that no overall backup capability that can take
over all of the operations of a failed ARTCC will be implemented

until after the 9020 computers have been replaced.

Issue 201: Mode C Intruder Function (Conflict Alert)

It was assumed that since the software to provide this function
(IFR/VFR conflict Advisory) was rewritten, the processing and
storage requirements are small enough that this function will be

implemented in the Near Term.

Issue 405: Traffic Flow Management

It was assumed that the various advanced systems and automation

improvements (e.g., En Route Metering, Terminal Sequencing and
Spacing, and Central Flow Control) that are planned for traffic

flow management w'll be implemented as compatible packages.
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Issue 206: Weather Program Definition

It was assumed that in the Far Term, the CWSU will distribute
tabular weather data to TIDS and ETABS for display to
controllers. Further assumptions as to the exchange, use, and

display of weather data are contained in Issue 207.

Issue 207: En Route Weather Display Concept

It was assumed that controllers will be provided with
two-dimensional weather data from WSR-57s on EWEDS 10"
S (vertical) sector displays in the Near Term. Three-dimensional
digitized, Doppler weather data will be available from NEXRAD in
the Far Term. Turbulent area information from this data will be
displayed as hazardous area contours on PVDs in the Far Term.
Extensive use of the three-dimensional characteristics of NEXRAD

data will not occur until after the ATC Computer Replacement has

been accomplished.

Issue 211: VSCS - 9020 Relationship

It was assumed that a GPI/GPO peripheral adapter module (PAM)
will be used to provide the 9020 to VSCS interface. The VSCS
will respond to reconfiguration commands generated by the 9020.
A VSCS/9020 Interface Control Document (ICD) will be developed
by the VSCS contractor. Software changes in the 9020 that are
required to establish this interface will be kept to a minimum.
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3.

TRACON FACILITIES

This chapter describes the system improvements planned for
TRACON Facilities and the interfaces with other ATC facilities
for Current, Near Term, and Far Term time periods. The ATC
facilities and time periods are defined in Chapter 1.

This chapter {s concerned with TRACONs (Terminal Radar Approach
Control, IFR Room) and TRACABs (Terminal Radar Approach Control
Tower Cab). TRACONs are at airports at which approach control
is principally performed in an IFR (Instrument Flight Rules)
room. Additional approach control work is performed at one or
more associated Tower Cabs at major and satellite airports.
TRACABs are at airports at which approach control is performed
only in the Tower Cab.

The control exercised by TRACON/TRACAB Facilities is generally
limited to those aircraft that are operating close to airports
but are not under control of a Tower Cab. Tower Cabs are

generally in control of aircraft that are within five miles of

an airport and are below 3000 feet -AGL (Above Ground Level).

Automation Equipment

All TRACONs and TRACABs are now, or in the future will be,
equipped with data processing equipment to provide automation of
some Air Traffic Control functions. Three general types of
automation equipment are used: ARTS (Automated Radar Terminal
System) III, ARTS II, and TPX-42.

The emphasis in this chapter will be on TRACONs with ARTS IIIA

3=1




equipment and TRACONs/TRACABs with ARTS II equipment. ARTS IIIA
configurations provide the highest level of terminal

automation. TRACONs and TRACABs equipped with ARTS II or TPX-~42
equipment provide many of the same functions as the ARTS III and
ARTS IITA TRACONs but with less sophistication and flexibility.
ARTS II is also of particular importance because of the current
widespread deployment of ARTS II, the future widespread
deployment of ARTS-II~like equipment, and the magnitude of the
improvements in ARTS II equipment and software that are expected
in the future. Table 3~1 shows a comparison of the features of
the various current and future terminal automation systems.
Table 3-2 gshows the current deployment of automation equipment

among the various terminal ATC facilities.

Chapter Content and Organization

Except where otherwise noted, when a TRACON is referred to in
the remainder of this chapter, it will denote an ARTS III or
ARTS IIIA TRACON. It should, however, be kept in mind that many
of the same functions and capabilities will be available with
TRACONs and TRACABs equipped with ARTS II or TPX-~42 equipment.

Although the basic organization of the information in this
volume is by facility, an exception has been made in regard to
Aircraft Separation Services. It was felt that the principal
descriptions of the various Afircraft Separation Service
automated capabilities should not be scattered among several
chapters. Since Conflict Alert is already operational at major
terminals, and ATARS (Automatic Traffic Advisory and Resolution
Service) will have its first implementation at terminal sites,

the TRACON chapter contains the principal descriptions of the
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Afrcraft Separation Service capabilities - even though ATARS and
BCAS are not contained within TRACON rooms.

The remainder cf this chapter consists of the following sections:

o TRACON Facilities Improvements (3.1). This section
lists important functions/features and the improvements
planned for them. For each function/feature, there 1s a
brief description of the function and the planned
improvement(s). The section contains three Information
Flow Diagrams -~ one for each of the three system
phases: Current, Near Term, and Far Term. The diagrams
show the facilities that provide inputs to a TRACON, the
principal types of inputs provided by each of these
facilities, TRACON functions, the facilities that are
provided with outputs from a TRACON, and the principal

types of outputs provided to those facilities by the
TRACON.

o TRACON Facilities System Connectivity (3.2). This
section contains three connectivity diagrams -- one for
each of the three system phases (see above). The
changes in connectivity between phases are briefly
described.

o TRACON Facilities Tentative Implemwentation Schedule
(3.3). This section contains a figure that shows the
tentative implementation schedule for the principal
improvements affecting the TRACON Facilities.

o TRACON Facilities Interface Planning Summary (3.4).




This section summarizes the major assumptions that were
made in regard to the implementation and interfacing of

the various improvements.

3.1 TRACON Facilities Improvements Summary

)
Tables 3-3 and 3-4 summarize the TRACON Facilities Improvements
that are planned for the Near Term and Far Term. Other
improvements that are less likely to be implemented according to
current plans are listed as Potential and Longer Range
Improvements in the same table. Table 3-3 is concerned with
ARTS III and ARTS IIIA Facilities. Table 3-4 is concerned with
ARTS 1II, ARTS IIA, and TPX-42 Facilities..

Figures 3-1, 3-2, and 3-3 show respectively, the Current, Near
Term, and Far Term information flow between an ARTS III or ARTS
IIIA TRACON and other elements of the ATC system. In each
figure, the TRACON is shown as a large box in the middle. The
inputs to the TRACON are shown to the left of the box; the
outputs from the TRACON are shown to the right. Within the box
itself, functions/features are listed. For the Near Term and Far
Term figures, these are the new functions/features that are
expected to be avallable at the end of the period for which the
figure was prepared. The Current figure shows the
functions/features as they existed in December 1980. In some
cases, the inputs and outputs that are listed are general
categories of inputs and outputs for a TRACON rather than all of
the input and output message types within the categories.

The principal changes in information flow and functions from the
Current system to the Near Term system are underlined in Figure
3-2. Similarly, underlining 1is used in Figure 3-3 to indicate
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the principal changes from the Near Term system to the Far Term
system. The changes in functions, the inputs to the functions,

and the outputs from the functions are described in the
following paragraphs.

3.1.1 Terminal Data Processing Equipment

This section and the following section (3.1.2 Terminal
Input/Output Equipment) are generally concerned with equipment
in TRACONs/TRACABs, as opposed to software, software functions,
and data processing in TRACONs/TRACABs. However, for ARTS IIA
and ARTS IIIA, software functions are briefly discussed since

they are the major distinguishing features among the systems.

3.1.1.1 Current System

ARTS III, ARTS II, and TPX-42 systems are the data processing
capabilities that are currently available in TRACONs and
TRACABsS. These capabiliti{es are limited as to speed, computing
capacity, and - particularly - storage capacity. These
capabilities are limited to such an extent that, in the near
future, they may be unable to satisfy the TRACON/TRACAB data
processing requirements. This 18 especfally likely to occur if
the requirements grow (as they are expected to) due to predicted
increases in traffic load and expected functional additions.
Table 3-1 gummarizes the features of the various terminal

automation systems.

ARTS III

ARTS III systems are currently operational at 63 TRACONs. ARTS

3-12




I1I i{s a programmable data processing system that is capable of
receiving information from various sources (surveillance sites,
host ARTCCs, controllers' keyboard entries, etc.) and sending
information to various destinations (controllers' displays, host
ARTCCs, etc.). Because it is a general-purpose data processing
system, it can be programmed to provide various software
functions. Among its current software capabilities are
automatic tracking of beacon targets, a Conflict Alert function,
and a Minimum Safe Altitude Warning (MSAW) function.

ARTS 11

ARTS II1 -- like ARTS III -~ is a programmable data processing
system. Its computing and storage capacities are considerably
less than those of ARTS III. The first ARTS 1I site became
operational in December of 1978, As with ARTS III, ARTS II has
the ability to communicate with its host ARTCC, with controllers
through displays and keyboards, etc. Currently, ARTS II does
not provide automatic tracking, Conflict Alert, or MSAW. It
does display data blocks for both discrete and nondiscrete

beacon replies.
TPX~-42

The TPX-42 has the least capability of the current.ly-used

terminal automation systems. It is not a programmable data

processing system. However, various functions can be controlled
through panel switches and dials. All of the TPX-42 facilities

are now operational. The TPX-42 does not provide a tracking
function, a Conflict Alert function, MSAW function, or tabular
information on situation displays. It does provide labels for

3-13
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discrete and nondiscrete beacon replies. However, the labels
contain less information than those available in the ARTS
systems. The contents of the labels are usually restricted to

received Mode A beacon codes and Mode C altitude reports.

3.1.1.2 Near Term Improvements

In the Near Term, ARTS III gites will be upgraded to ARTS IIIA.
Also, in the Near Term, it is expected that the TPX-42 equipment
currently in operation at TRACON/TRACAB Sites will be replaced
with ARTS-II-1ike systems.

ARTS I1IA

ARTS III and ARTS IIIA are similar systems in many respects.
Many of the equipments and wmuch of the software are common to
the two. All ARTS III Systems will be replaced with ARTS IIIA
Systems in the Near Term. The first ARTS IIIA Site is expected

to become operational late in 1981.

ARTS IITA is a programmable data processing system that will be
capable of receiving information from various sources
(surveillance sites, host ARTCCs, controllers' keyboard entries,
etc.) and sending information to various destinations
(controllers' displays, host ARTCCs, etc.). Because it is a
general-purpose data processing system, it will be capable of

being programmed to provide various software functions.
The reliability of ARTS IIIA will be increased over that of ARTS

III through the use of redundant equipment and fail-soft
capability. The latter will provide automatic switching of

3-14




equipment (e.g., memories or Input Output Processors) so as to
remove and replace improperly functioning units. Other new
features will include: search radar tracking, more storage
capacity than ARTS III, multi-processing, a separate buffer
memory for each display, automatic overload sensing and
protection, remote tower display and data entry, and continuous

data recording that can be controlled through keyboard messages.

A special expanded ARTS IIIA System is being installed in the
New York TRACON. This facility is planned to use four radar
gites, to have more than 30 operational displays, and to control
traffic in an area that is approximately 100 nautical miles by
150 nautical miles. Displays and radars would be adapted so
that each display could be served by either a primary or
alternative site. The ARTS IIIA for the New York TRACON will
include a Communications Multiplexer Controller. It is expected
that this device will allow digital data communication (at 4800
bps) between the IFR room and BRITE (Bright Radar Indicator
Tower Equipment) displays in five associated Tower Cabs. At J.
F. Kennedy and Newark airports, two BRITE displays are planned
for each Tower Cab. Each BRITE display will have input
capability through its assoclated keyboard.

3.1.1.3 Far Term Improvements

In the Far Term, it is expected that ARTS IIA will be
implemented and TIDS (Terminal Information Display System) will
be deployed at more than 50 TRACONs.

3-~15




ARTS IIA

According to current plans, ARTS IIA Systems will be implemented
in the Far Term. The existing ARTS II Sites would be enhanced
to reach the level of ARTS IIA. ARTS IIA Systems might also be

installed at new sites that currently have no automation systems

or have TPX-42 equipment.

The enhancements that would be added to ARTS II to obtain an
i ARTS IIA capability are:

. o Automatic tracking of beacon targets

o Conflict Alert function

0 Minimum Safe Altitude Warning function

o A third line in Full Data Blocks on the situation
display for the display of alerts from the MSAW and/or
Conflict Alert functions

. o Capabilities for use of the system in training

controllers

Automatic beacon tracking would be similar to that currently
used in ARTS III systems. The Conflict Alert function (see
3.1.4.1) and MSAW function (see 3.1.6.1) would be similar to
those in ARTS III systems. The third line in the Full Data
Blocks would allow the display of Conflict Alert advisories,
MSAW advisories, received beacon codes, track status, track

handoff indicators, etc. Other related display improvements
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would also be made. The training capabflities would include a
Training Target Generator and a8 Training Scenario Generator.
The target generator would operate on-line as part of the
operational software. It would allow training to occur with
simulated targets while the system operates normally with live
traffic. The scenario generator would generate magnetic tapes

of f-l1ine. The tapes would contain various training and test

scenarios.

Terminal Information Digplay System (TIDS)

TIDS is a Far Term improvement that would consist of new
equipment and associated software that would handle many of the
ARTS IIIA interfacing, processing, and storage tasks, and would
add new capabilities. It would provide the digital
communication interfaces between ARTS and other facilities and
equipment other than the direct ARTS interfaces with Terminal
Surveillance Sites, tower cab situation displays, and RBXs
(Radar Beacon Transponders). TIDS would provide individual
Display and Data Entry Units for the Arrival Data and Departure
Data Positions. TIDS would also provide additional capabilities
for the display of data on ARTS situation displays. Radar
Controllers would be able to choose alternative data to be

displayed in lists and data blocks on thelr displays.

TIDS would improve the availability and timeliness of flight
data presentations to TRACON (and Tower Cab) controllers, reduce
the controller coordination workload, and support VFR flight

services. TIDS would accept, process, distribute, and display
flight and other non-radar data for an entire terminal area,

including the TRACON and its associated Tower Cab(s). TIDS
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would provide the means by which digital flight and control data
would be exchanged between devices within a Tower Cab, between
Tower Cabs, between a Tower Cab and its associated TRACON, and
between a TRACON and its host ARTCC. TIDS would provide
controllers with NOTAMs (Notice to Airmen), tabular weather data
(including the especially tailored weather briefings prepared by
the CWSU at the host ARTCC), and other operational information.
TIDS would also provide the message entry and flight strip
handling capabilities provided in the Current System by FDEP and
in the Near Term system by FDIO (Flight Data Input Output) (see
3.1.2.2).

Currently, numerous status displays are associated with airport
communications, navigation, and surveillance facilities. In the
Far Term, the status data that is concerned with ATC operations
rather than maintenance would be sent to TIDS. There, it and
weather gensor information (wind, temperature, barometric
pressure, etc.), ceiling data, Runway Visual Range Data, etc.,
would be integrated and consolidated into TIDS. The resultant
information would be available on special displays associated
with TIDS.

3.1.1.4 Potential and Longer Range Improvements

Computer Replacement

The replacement/augmentation of the terminal area computers
(ARTS I1IA, ARTS III, ARTS IIA, ARTS II) is a longer range

improvement. As air traffic volume increases and software
capabilities are added to TRACONs/TRACABs, the possibility of

exceeding current hardware capabilities increases. Although the
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computing and storage capacity of ARTS IIIA has been increased
over that of ARTS III, it appears that (at least for some sites)
it will be very difficult for AR.'S IIIA to support all of the
functional improvements that are e visioned for TRACONs -
particularly if the predicted increases in traffic load occur.
ARTS IIIA is especially limited as to storage capacity.
Additional incentives for change arise as a result of the
equipment growing older and maintenance costs rising. In order
to satisfy future computing and storage capacity requirements,
the replacement of terminal automation systems is being
consi@ered as a part of the FAA's ATC Computer Replacement

Program.

Terminal Consolidation

Terminal Consolidation is being considered as a potential longer
range improvement. According to the current concept, terminal
and en route ATC functions would be integrated in an ARTCC.
Terminal equipment and personnel would be placed physically at
the ARTCC. New procedures and methods for handling aircraft
would be developed by combining the current en route and
terminal procedures and methods. Digitized surveillance data
from terminal surveillance sites would be sent to the ARTCC.

According to this concept, there would be:

o A single data base containing all current terminal and

en route data
o New sectors tailored to specific conditions {e.g.,

transitioning, cruising, traffic flow, airports to be

served)
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o Mosaicked surveillance data from the terminal and en

route surveillance sites

o Reduction of aircraft vectoring near terminals

o Simplification of stratification in en route airspace

o Integration of management, controller, and support

personnel from terminals and ARTCCs

Terminal Consolidation is of particular interest at this time
because of the possibility of incorporating such new features in

conjunction with the future replacement of en route ATC

computers.

Applications Processor for DABS Data Link

A data processing capability is needed to send ETIS (Enhanced
Terminal Information Services) messages and other DABS Data Link
messages from TRACONs to aircraft. Such a capability could be
contained within ARTS, TIDS, or NADIN, or could be stand-alone
equipment. At this point, all of these alternatives are under

congideration.

3.1.2 Terminal Input/Output Equipment

This section and the previous section (3.1.1 Terminal Data

Processing Equipment) are generally concerned with equipment in
TRACONs/TRACABs as opposed to software, software functions, and
data processing in TRACONs/TRACABs. The equipument described in
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this section is primarily concerned with improvements in the
input and output of information to equipment and personnel at
TRACONs/TRACABs. Most of the devices that allow controllers to
enter or see data are included. Equipments concerned with the

input of surveillance data are also included.

3.1.2.1 Current System

Currently, the principal Input/Output Equipment used in TRACONs
are FDEPs (Flight Data Entry and Printout equipment), ARTS
Keyboard Input Modules, and ARTS time-shared situation displays.

FDEP

b
Most flight data from the host ARTQC is printed as Flight
Progress Strips on FDEPs. These strips must be marked and

distributed by TRACON and Tower Cab controllers. Coordination
among various control positions requires a large amount of voice

communication.

Time-Shared Situation Displays

Both digital and analog data are displayed on ARTS situation
displays. Data blocks and lists are displayed through digital
techniques; aircraft and weather target data are displayed
through analog (broadband) techniques. The present displays and
displayed data have a number of undesirable characteristics.

The brightness of the displayed targets on the situation
displays gradually decreases after the rotating radar/beacon
beam "paints” the targets. The displayed targets tend to be
smeared lines rather than discrete targets. Digital writing
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time is severely limited since it can only occur during "radar

dead time."” Display selectivity is very limited.

3.1.2.2 Near Term Improvements

In the Near Term, ARTS I1I sites will be upgraded to ARTS IIIA,
and FDEPs will be replaced with FDIOs (Flight Data Input Output
equipment). Surveillance input capabilities will be improved

through the deployment of SRAP (Sensor Receiver And Processor).

Flight Data Input Output Equipment (FDIO)

- ———— e -

In the Near Term, the input/output situation will be improved
through the replacement of FDEP equipment. The new equipment,
FDIO (Flight Data Input Output), will be faster, more flexible,

more reliable, and easier to maintain.

At the TRACONs/Towers, the FDEPs will be replaced with FDIO
Cathode Ray Tube (CRT) displays, keyboards, and printers. The
FDIO control equipment at TRACONs/Towers will communicate with
the CCC at a rate of 2400 bits per second (bps). The minimum
data rate capabilities of the input/output equipment at the
TRACONs/Towers will be: CRT - 2400 bps, Keyboard - 1200 bps,

and Printer - 30 characters per second.

Surveillance Data Input Equipment

In the Near Term, SRAP (Sensor Receiver and Processor) will be
installed as part of each ARTS IIIA. It will be used to

digitize the search radar information needed for radar tracking
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and to digitize the beacon information that is currently
digitized by the Beacon Data Acquisition Subsystem of ARTS III.

3.1.2.3 Far Term Improvements

In the Far Term, TIDS will provide new tabular displays and
alternative data block data for the ARTS situation displays.
Further information on TIDS can be found in 3.1.1.3 and
3.1.3.3. Video reconstituters would be deployed to function
with the current time-shared situation displays until FDADs
(Full Digital ARTS Display) would be available later in the Far

Term.

Display Equipment

In the Far Term, when either the Moving Target Detector (ASR-9)
or DABS is implemented at a surveillance site, digital rather
than analog (broadband) data would be sent from the surveillance
site to the indicator (ARTS) site. However, all-digital
situation displays are not expected to be available at all sites
at that time. A temporary method of displaying this data would
be available through video reconstitution of the digital data.
This would require the installation of reconstitution equipment
at the ARTS sites. Prototype reconstitutors have been buflt,
and their feasibility has been demonstrated. It is assumed that
the reconstituted display will be found acceptable for air
traffic control even though it does not provide the variations
in target size, shape, and brightness that are available with

normal broadband data.

At some ARTS sites, FDADs (Full Digital ARTS Displays) are
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expected to replace the current broadband/digital displays. In
order to furnish a smooth transition between the current
time-sharing mode and an all-digital mode, FDAD is being
designed to function in either mode. In addition to this
flexibility, FDAD would provide improved display
characteristics. The new displays would provide more distinct,
non-fading, less variable display of search radar targets and
beacon replies; greater selectivity and filtering of information
to be displayed; and additional digital writing time. FDAD as
currently envisioned could also provide color (multi-chromatic)
displays, internal memory, buffer refresh capability, internal
storage of geographic maps, programmable functions, and
interfacing capabilities for all of the varieties of ARTS

systems.

Surveillance Data Input

It is expected that broadband surveillance data capabilities
would be removed in order to decrease equipment maintenance
costs. However, no firm decision has been made. It is possible
that the broadband capability would be retained as backup for
the digital surveillance data.

3.1.2.4 Potential and Longer Range Improvements

Terminal Surveillance Channel Backup

A Terminal Surveillance Channel Backup capability is a potential
improvement that is under consideration. The backup function
would have to provide target data and some alphanumeric data 1if

the primary channel through the Input Output Processor and
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Multiplexed Display Buffer Memory is not available due to
failure or maintenance requirements. It may be necessary to
provide such a capability before replacement Terminal ATC
computers would be available that would incorporate such a

capability. It would be similar to DARC (see 2.1.1.1).

3.1.3 Processing and Digplay of Aircraft and Weather Data

3.1.3.1 Current System

Currently, three principal types of information are displayed on
ARTS III and ARTS II situation (plan view) displays:

o surveillance information (aircraft and weather returns
from search radar and aircraft replies from beacon

transponders)

o geographic map data (runways, boundaries, airways,
handoff points, etc.)

o alphanumeric characters and symbols (data blocks,
including position symbols, leaders, and tabular data;

lists; preview information; and system information).

These are generated separately, and their signals combined

immediately before the displays.
The surveillance information is received in broadband form from

terminal surveillance sites. It (Moving Target Indicator search

radar video, normal search radar video, and beacon video) is
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displayed using a radial scan wmode (Plan Position Indicator
mode) on ARTS displays. In this mode, information is written on
the display in a sequence corresponding to the sweeps of
radar/beacon pulses that are sent out from the rotating radar

antennas.

Geographic map data 1s generated at the TRACON by scanning a
graphic image of the geographic area around the radar site. The

image is scanned electronically in synchronism with the

surveillance radial scan.

The locations and identification of alphanumeric characters and
symbols are stored and processed digitally. They are written in
a random sequence that is independent of the radial scan. The
characters and symbols are written in the radar "dead time”
between sweeps. A sweep ends when the radar pulses have reached
a distance of 55 (or 42 for some displays) nautical miles from
the radar site. The characters and symbols are written in the
time between this occurrence and the start of the next sweep (at

the next azimuth position).

The broadband beacon replies, in addition to being displayed,
are converted to digital data in the Data Acquisition Subsystem
of ARTS III. This digitized information is sent to the ARTS III
Data Processing Subsystem (DPS) and is used for automatic
tracking of beacon-equipped aircraft. The DPS then provides
predicted track positions and data block information for display
on the situation displays.
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3.1.3.2 Near Term Improvements

ARTS IIIA

One of the key functional improvements provided by ARTS IIIA {s

the expansion of processing to include search radar targets in

addition to beacon targets. The system will track such targets
and will display data blocks that identify the tracked aircraft.

FDIO

With the implementation of FDIO (see 3.1.2.2), the FDEP
functions will be assumed by FDIO. The new equipment will allow
the entry of General Information messages in addition to the
previous message capabilities provided by FDEP.

Weather

In the Near Term, CWSU personnel at the host ARTCC would prepare
and update tailored weather descriptions for each TRACON. These

would be available to the TRACON controllers via voice phone.

3.1.3.3 Far Term Improvements

TIDS

With the implementation of TIDS at some TRACONs, the FDiO's
function as an input or output device would be assumed by TIDS.
All of the messages that could only be sent from a TRACON to its
host ARTCC via FDEPs in the Curreat System, and FDIOs in the
Near Term system, would be capable of being entered through TIDS
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consoles. Furthermore, the ARTCC would no longer be required to
route flight progress strip information to FDEPs/FDIOs in
TRACONs equipped with TIDS. Instead, TIDS would prepare and
display similar information from the extensive flight plan data
that it received from the host ARTCC, FSSs, and local entry
devices. With TIDS, full flight data could be displayed for IFR
and VFR flights. Most voice coordination work would be replaced

by simple computer entries made by controllers.

Inputs to TIDS would be:

o IFR flight plans and flight plan changes. Obtained from
the host ARTCC and keyboard entries by terminal

controllers.

o VFR flight plans and flight plan changes. Obtained from
ad jacent TRACONs and keyboard entries made by terminal

controllers.
o Handoff, Track, and General Information messages.
Obtained from the host ARTCC, this TRACON, and adjacent

TRACONs.

o Weather Briefings. Obtained from the CWSU in the host
ARTCC.

o Miscellaneous data to be stored, processed, or

forwarded. Obtained from the ARTS III system.
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Outputs from TIDS would be:

o Displays of alternative list and data block data.
Provided to TRACON Radar Controllers through ARTS III.

o Handoff, Track, General Information, Departure

Messages. Sent to the host ARTCC, this TRACON, and
ad jacent TRACONs.

o0 Terminate Beacon Code messages. Sent to host ARTCC.

o Miscellaneous data to bc displayed or transmitted at the
request of the ARTS 111 system. Sent to terminal
controllers or host ARTCC.

o Requests for Weather Briefings. Sent to CWSU at the
host ARTCC.

Surveillance Data Processing

The surveillance data as received from DABS sites would be
tagged with specific track identifications as a result of the

DABS site's perf.rmance of correlation of surveillance data with
existing or automatically initiated tracks. This would
significantly decrease the ARTS processing load.

With the implementation of DABS at Terminal Surveillance
Facilities, 1t is expected that broadband surveillance data
would no longer be available to ARTS sites in the Far Term.
However, it is possible that the broadband capability would be

retained as backup to the digital surveillance data.
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Weather

In the Far Term, digitized graphical weather data from radar
sites would be provided to TRACONs. It would consist of various
combinations of three-dimensional weather data, turbulent
weather data, and wind shear data. The full use of the
three~-dimensional weather data for display purposes is not
planned for the Far Term. No decisions have been made as to how
this graphical weather data would be presented on displays.
Inputs would be digitized weather data from ASR or NEXRAD
weather radar sites. Outputs might include weather contours

displayed on Radar Controllers' situation displays.

3.1.3.4 Potential and Longer Range Improvements

Weather

The Aviation Weather System (see 2.1.2.4) is a potential
integrated weather capability that would improve the
availaBility of weather data to TRACONs. The CWSU at the host
ARTCC would receive PIREPs from ARTCC controllers or from pilots
and would receive graphic and alphanumeric weather information
from the Center Weather Processing complex (CWPC). CWSU
personnel would analyze the information and would prepare
weather advisory information in alphanumeric and graphic
(situation display) forms. This digital data would be sent to
the CWPC. The CWPC would send to the TRACON (via TIDS) the CWSU
data and other weather data that the CWPC had received. TIDS
would perform the weather processing functions that would be
required to display the tabular data on TIDS displays and to
display the graphic data on ARTS gituation displays.
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The full use of three-dimensional weather data and multiple
weather contours (levels of weather intensity) on situation
displays is a potential, longer range improvement. Weather
contours could be displayed using various levels of brightness
or various colors to indicate the relative severity of

turbulence or precipitation.

3.1.4 Aircraft Separation Services

Although the principal ATARS and BCAS equipment are not
contained within TRACON rooms, they are described here, since
their first use would be in terminal airspace, and they would be
part of the automated Aircraft Separation Services of which
Terminal Conflict Alert is a part. The source for much of the
following descriptive information is "Aircraft Collisfon

Avoldance: Concepts and Systems”, Reference 3-24.

Automated Aircraft Separation Services provide backup
capabilities for the air traffic control separation services
supplied by controllers at terminals (or ARTCCs). The backup
capabilities substantially reduce the likelihood of mid-air
collisions. They can be classified as to the direct recipients
- controllers or pilots - of the automated warnings and
recommendations for maneuvers to avoid collisfons. Thus, the

functions are:

o Controller-oriented Functions

- Conflict Alert

- Conflict Resolution Advisory (En Route, only)
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o Pilot-oriented Functions

~ Automatic Traffic Advisory and Resoiution Service
(ATARS)

- Beacon Collision Avoidance System (BCAS)

The Conflict Alert and Conflict Resolution Advisory functions
are automated, ground-based capabilities designed to aid air
traffic controllers in providing safe separation to controlled
aircraft. Conflict Alert provides controllers with warnings of
aircraft that are too close to each other or that, according to
predictions, will be too close to each other in the near

future. It is currently operational at all ARTS III sites and
ARTCCs. Installation at all automated terminal sites is planned
for the future. At ARTCCs, the Conflict Resolution Advisory
function would be installed. It would extend the Conflict Alert
capabilities by providing controllers with recommended aircraft

maneuvers to avoid collisions.

ATARS and BCAS are automated capabilities designed to aid pilots
in maintaining safe separation of aircraft. They would provide
backup to controllers and to Conflict Alert. ATARS 1is a
ground-based system designed to provide effective service in the
high traffic density airspace served by the Discrete Address
Beacon System (DABS) (see Chapter 7). BCAS is an airborne
collision avoidance system designed to serve airspace outside
ATARS coverage. It would function through replies that it would
receive from DABS and ATCRBS (Air Traffic Control Radar Beacon
System) transponders on other aircraft. It would use these

inputs to calculate range, relative altitude, and closing rate

3-32

R ey e i




information in relation to nearby aircraft. When the projected
time to closest approach is about 30 seconds, BCAS would
indicate recommended avoidance maneuvers on a display in the

cockpit of the BCAS-equipped aircraft.

ATARS and BCAS would be interfaced to ensure the compatible
functioning of the two systems near the boundaries of ATARS
coverage. Resolution Advisory Registers in the ATARS and BCAS
avionics are designed to coordinate ATARS and BCAS conflict
information and resolutions. ATARS and BCAS are expected to be

operational in en route and terminal airspace.

3.1.4.1 Current System

The Terminal Conflict Alert Function has been implemented at all
ARTS III sites. It provides aufomatic detection of potential

conflicts between tracked aircraft in terminal areas.

The determination by the Terminal Conflict Alert Function of
when a conflict alert should be declared is through the use of
three detection modules. One predicts conflicts assuming that
the tracks will maintain conatant speed and straight line

paths. Another predicts conflicts based on continued
maneuvering of an aircraft pair in the difection in which either
or both aircraft are already maneuvering. The third module does
not use prediction; it bases its warnings on the proximity of
aircraft to each other. Each of these detectifon modules is
highly parameterized. Different parameter sets are tailored for
each of three types of airport areas that have been defined.

The three types are: areas around major or satellite airports,

extensions of the areas around major or satellite airports, and
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any remaining area not included in the first two types.

Inputs to the Terminal Conflict Alert Function are:

o positional information. Obtained from the ARTS III
Automatic Tracking program.

o airport area geographic information. Obtained from the

ARTS II1 Adaptation data base.

Outputs from the Terminal Conflict Alert Function are:

o displayed warnings. Provided on the situation (plan

view) displays of the appropriate terminal controllers.

o aural warnings. Provided at the sector control

positions of the appropriate controllers.

3.1.4.2 Near Term Improvements

In the Near Term, the Terminal Conflict Alert Function will be
included within the ARTS IIIA Systems that will replace the ARTS
III Systems. Also in the Near Term, BCAS is expectel to be

implemented.

BCAS

BCAS has been designed primarily to aid pilots in maintaining
safe separation of aircraft. It would also serve as a backup to
controllers and to the Conflict Alert capability provided by
TRACONs and ARTCCs. It is anticipated that BCAS avionics would
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be installed in most air carrier and high performance general
aviation aircraft. BCAS concepts are still evolving, so the
descriptive information contained in these paragraphs should be

considered to be tentative.

Active BCAS is being developed for implementation in the Near
Term. Active BCAS would obtain its data by interrogating the
transponders that are within range (approximately 20 miles).
Such interrogations might interfere with the interrogations
generated by ground-based ATC surveillance facilities. An
aircraft with Active BCAS would therefore have to have this
equipment desensitized when it is near major terminals or is in

other high activity areas.

Radar Beacon Transponder (RBX)

In the Near Term, it is expected that RBXs will be deployed at
some airports to aid the BCAS function. The RBX would exchange
digital messages with BCAS equipment in aircraft and with the
ARTS equipment in the associated TRACON. RBX would improve the
BCAS performance by adjusting the BCAS sensitivity (volume of
protective airspace around the aircraft) of its conflict
detection logic to the particular airspace environment.

Ad justment is necessary near busy airports because, with the
traffic flow in that environment, BCAS (using its normal
sensitivity) would produce an unacceptably large number of
unnecegssary alerts. RBX would have the capability of changing
this sensitivity to a more appropriate level for the
environment. The RBX would select the proper sensitivity level
by comparing an aircraft's range and altitude (relative to the

RBX) to stored pairings of sensitivity levels to
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ranges/altitudes. The RBX would then send the aircraft a
sensitivity level control message that would adjust the
aircraft's BCAS sensitivity accordingly. In general, the closer
the BCAS-equipped aircraft would be to the runway, the smaller
would be the protective volume of airspace around the aircraft.
Occasionally, the RBX pairings of sensitivity levels to
ranges/altitudes might need to be adjusted (e.g., because of
changes in the amount of traffic activity or in the runway

! configuration). This could be accomplished dynamically through
? the sending of BCAS Desensitization Control messages to the RBX
from the TRACON.

In addition to the above capabilities, RBX would be able to send
BCAS Controller Advisory Messages to the TRACON. RBX would
receive such a notification message from BCAS each time that an

advisory is issued to a pilot by BCAS.

3.1.4.3 Far Term Improvements

In the Far Term, ATARS is expected to be implemented. Upon
installation of DABS equipment at an airport, the RBX functions
generally would be performed by DABS.

ATARS

ATARS 18 an Aircraft Separation Service provided by a totally
automated ground computer system. It is an outgrowth of the
Intermittent Positive Control (IPC) concept that was described

and recommended for development by the Air Traffic Control

Advisory Committee in 1969.
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ATARS would track target data obtained from DABS and check all
pairs of aircraft to see if they are too close to one another or
are in danger of colliding. If there is danger of collision,
ATARS would prepare threat and resolution advisory messages and
have them uplinked to ATARS-equipped alircraft through DABS Data
Link. (This information would also be sent to TRACONs (and
ARTCCs) for display at appropriate control positions.) The
information would be displayed to the pilot on an ATARS display
in the cockpit. It would warn him of proximate aircraft and/or
threat aircraft and, when necessary, instruct him to take

specific actions in order to avoid collision.

DABS/ATARS would not be able to send threat and resolution
advisory messages to ATCRBS-equipped aircraft. According to a
current development concept, DABS/ATARS would be able to send
such information (for controlled, ATCRBS—-equipped aircraft) to
the en route and terminal computers. Those computers would then
be able to provide the appropriate controllers with warning
messages and recommended aircraft maneuvers. Where possible,
the information could then be relayed to aircraft by controllers

via voice radio.

To receive ATARS service directly, an aircraft would have to

carry:
o A DABS Transponder
o An Encoding Altimeter

o An ATARS Display
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The DABS transponder, in addition to its surveillance function,
would receive digital advisory messages from the ground and

deliver them to the ATARS display for presentation to the pilot.

The ground portion of the DABS/ATARS system would consist of:

o The DABS Sensor. It would provide surveillance
information and act as a communication link to the

alrcraft.

o A Computer Located at the DABS Sensor Site. It would be
independent of the existing air traffic control computer

system.

o Interfaces to the Air Traffic Control Facilities That
Serve the Airspace Covered by the DABS Sensor.

ATARS is being developed to provide pilots of ATARS-equipped
alrcraft with an effective resolution service and a
complementary traffic advisory service. For ATARS-equipped,
uncontrolled afrcraft, the traffic advisory service would
enhance the pilot's see—and-avoid capability while the
resolution service would provide collision avoidance services
not previously afforded by the air traffic control system. In
the case of controlled aircraft, ATARS would serve as a
separation assurance backup to the existing air traffic control

system.

ATARS services could be provided to all aircraft, controlled and
uncontrolled, in both the en route and terminal environments.
For those equipped for ATARS services, protection would be
provided against all aircraft that are equipped with altitude
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reporting (Mode C) transponders. Although resolution service
could not be provided against non-Mode C aircraft, traffic
advisories would be provided to ATARS-equipped aircraft
regarding the presence of Mode A and primary radar targets that

are proximate in the horizontal plane.

Aircraft equipped for ATARS service would receive traffic
advisories regarding aircraft that have been determined to be
proximate or to constitute a potential threat. In the case of a
proximate aircraft, information would be displayed to alert the
pilot concerning the presence of the nearby aircraft and to aid
him in visual acquisition. When an aircraft poses a potential
collision threat, additional information would be displayed to
aid the pilot in threat assessment. The threat data would
enable the pilot to evaluate the potential threat and to avoid
maneuvers that would aggravate the situation. If the aircraft
separation continued to narrow, both aircraft would recelve

resolution advisories.

Whenever a controlled aircraft is involved in a potential
conflict that would result in a Conflict Alert being produced by
the terminal ATC computer, ATARS would produce a Controller
Alert. An ATARS Controller Alert message would be sent to the
ATC facility that is responsible for the controlled aircraft.

It would be sent in order to alert the controller to the
potential conflict. This message would also include ATARS
conflict resolution data which would provide the controller with
the maneuver(s) that ATARS would issue If it were to resolve the

potential conflict at the time of the Controller Alert.

In addition, an ATARS resolution notice would be sent to the
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responsible ATC facility at the same time that a resolution
advisory 1is sent to a controlled aircraft. The resolution
notice would identify the aircraft involved in the conflict and
the resolution advisories issued to each. Upon receipt, the ATC
computer system could display this information to the

-responsible controller(s).

3.1.4.4 Potential and Longer Range Improvements

Full BCAS i{s being developed as a potential improvement. It
would make use of interrogations from the ground (thus
minimizing the potential interference in high density airspace)
as well as interrogations from the BCAS-equipped aircraft
itself. According to current concepts, Full BCAS would have
three modes of operation ~- with the choice of mode dependent
upon the degree of survelllance coverage that is available in
the area in which the aircraft is operating. The three-modes
philosophy was developed to minimize the generation of
interrogations by the BCAS-equipped aircraft, and therefore
minimize potential interference with the normal operation of ATC

surveillance.

In its active mode, Full BCAS would functiqn in the same manner
as Active BCAS. That is, it would interrogate the transponders
that are within range (approximately 20 miles). In its passive
mode, Full BCAS would not interrogate other aircraft. It would
monitor the interrogations from ground-based ATCRBS and DABS
sites and monitor the replies from the transponders on other
aircraft. The hybrid mode would combine features of the active
and passive modes. It would be used when the passive mode could

not be operated satisfactorily by itself, but full use of the
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active mode is not required. According to one design concept,
this would occur when aircraft in the vicinity of the Full
BCAS~equipped aircraft are being interrogated by only one beacon
ground site. (Two or more beacon ground interrogators would be
required for satisfactory operation of Full BCAS in the passive
mode.) In the hybrid mode, Full BCAS would monitor the replies
that it receives from the single ground interrogator and
determine which aircraft might prove to be collision threats.
Full BCAS would then interrogate these threat aircraft to obtain

more information.

Full BCAS would automatically adjust its mode (active, passive,
or hybrid) of operation to its enviromment. It would switch
modes according to a priority scheme in which passive is
preferred over hybrid, and hybrid is preferred over active. In
any of its modes, Full BCAS would be able to calculate range,
relative altitude, and closing rate from information from other
beacon-equipped aircraft. In its passive mode, it would be able
to obtain bearing and bearing rate information. 1In any of its
modes, Full BCAS would be able to detect poteatial conflicts and
prepare avoldance maneuvers when the projected time to collision
i1s about 30 seconds. These maneuvers would bc shown to the

pilot on a BCAS display in the cockpit.

3.1.5 Communication with Alrcraft

3.1.5.1 Current System

Currently two-way voice radio is the means by which controllers

communicate with aircraft air crews.
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3.1.5.2 Near Term Improvements

No improvements are planned for the Near Term.

3.1.5.3 Far Term Improvements

DABS Data Link and CMA (Control Message Automation) are
improvements that are expected to be implemented in the Far
Term. They are being planned and.designed as an aid and
supplement to the voice radio capabilities. They would be
available to provide rapid non-voice communication between the

ARTCC and aircraft. Many routine and high-priority messages
could be transmitted via Data Link.

In the Far Term, it 1s expected that Altimeter Correction
Messages and ETIS (Enhanced Terminal Information Services)
messages will be sent to aircraft via DABS Data Link. An
Altimeter Correction Message would provide the barometric
pressure correction (in hundreds of feet) for the specific
geographic area in which the aircraft is flying. An ETIS
Message would contain real-time information in regard to an
airport. The information would include weather data, status of
navigation aide, and runway status. Controller Advisory (BCAS)
messages would be sent to TRACONs from aircraft via DABS Data
Link. CMA would provide the functional link between the TRACON
and DABS Data Link. CMA would handle functions such as
formatting, bookkeeping, and the establishment and use of
priorities for data link ATC messages. CMA would handle
messages that may be generated through automated functions such
as MSAW. Work is underway in these areas, but the overall use

of DABS Data Link for communication between TRACONs and aircraft
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has not been determined.

3.1.5.4 Potential and Longer Range Improvements

It is expected that DABS Data Link will be used to uplink and
downlink additional messages between a TRACON and aircraft.
Many different types of messages are currently being considered
as candidates for this service, but specific message types have

not as yet been selected for implementation.

3.1.6 Detection of Unsafe/Unacceptable Use of Airspace
4

3.1.6.1 Current System

Currently, terminal MSAW (Minimum Safe Altitude Warning System)
is operational at ARTS III sites. A similar capability, Low
Altitude Alerting System, is operational at TPX-42 sites.

MSAW

MSAW uses computer software to automatically compare reported
aircraft altitudes to minimum safe altitudes in order to detect
unsafe or unacceptable use of airspace. The program detects
instances in which an aircraft is now, or in the near future
will be, below the minimum safe altitude. The alert Is
generated on the basis of ARTS IIT track and altitude data.

MSAW warns a controller of such a situation through infcrmation
displayed on the controller's situation display. The coantroller

then advises the aircraft air crews of the situation through
voice radio.
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An aircraft 1s eligible for MSAW services if it 1s controlled
and is Mode C equipped. MSAW monitoring is provided through two
monitoring elements: Approach Path and General Terrain.
Approach Path Monitoring is accomplished by checking the tracks
of all MSAW-eligible aircraft for their positions relative to
runways at the major airport. If a track qualifies for a
particular runway, the approach monitoring function will check
for any violation of the specified final approach area

altitude. General Terrain Monitoring is applied to all aircraft
that are in the terminal area but are not on approach paths.
General Terrain Monitoring is accomplished by comparing a
track's reported and predicted altitudes to the minimum altitude
assigned to each bin through which the track passes. (Each bin
is a square whose sides are two miles long.) All inputs that
are required by MSAW come from within the TRACON. All outputs
go to controllers within the TRACON. Inputs required by MSAW

are:

o minimum safe altitudes for the areas being checked.

Obtained from the ARTS II1 Adaptation Data Base.

o alrcraft positions, velocities, and altitudes. Obtained
from the ARTS II1 Automatic Tracking Program.

Outputs provided by MSAW are:

o displayed warnings. Provided on the situation displays
of the appropriate controllers.

o aural warnings. Provided at the sector control

positions of the appropriate controllers.
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3.1.6.2 Near Term Improvements

Terminal MSAW (See 3.1.6.1) will be implemented in ARTS IIIA
systems as they replace ARTS III systems.

3.1.6.3 Far Term Improvements

ATARS Avoidance Advisory Function

An ATARS Avoidance Advisory function is expected to be
implemented in the Far Term. It would supplement the MSAW
capabilities for detecting unsafe or unacceptable usge of
airspace. The ATARS Avoidance Advisories would provide pilots
and controllers with real-time messages that would allow

aircraft to avoid:

o Terrain (hills, valleys, sloping land),

o Obstacles (TV towers, microwave relay towers, radio
towers, tall buildings), and

o Special Airspace (Terminal Control Areas, Restricted
Airspace, Prohibited Airspace).

The avoidance information would also be needed by ATARS in order
to prevent advisories from being given that would maneuver

aircraft into terrain, obstacles, or special airspace.
Advisories would be furnished to an ATARS-equipped aircraft

whenever it enters restricted airspace, is predicted to be too

close to the terrain, or is predicted to be too close to
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obstacles. These advisories would be issued on each scan that
the alert conditions are satisfied. The advisories are intended
to provide the pilot with information concerning the potential

problem; they would not attempt to resolve the problem.

Terrain advisories alert the pilot of an aircraft that is in
close proximity to the terrain. A terrain alert would be issued
if the aircraft is projected to violate the altitude threshold

(500 to 1000 feet above the terrain elevation as defined in the
ATARS data base) assoclated with the airspace along the

aircraft's projected flight path during the projection time
(approximately 30 seconds). Terrain advisories would be

suppressed if the aircraft is on a final approach glide slope.

Airspace advisories would be used to notify a pilot that his
aircraft has entered restricted airspace. Such an alert would
also be issued to an uncontrolled aircraft whenever it is within

a Terminal Control Area.
Obstacle avoidance advisories would be issued to an aircraft if
it i1s converging with an obstacle and the aircraft i{s within a

specified distance and altitude of the obstacle.

3.1.6.4 Potential and Longer Range Improvements

A potential improvement is the use of DABS Data Link to uplink
MSAW advisories to aircraft.
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3.1.7 Traffic Flow Management

3.1.7.1 Current System

Currently, terminal metering personnel manually calculate
estimated times of arrival at runways, manually determine
desirable spacing and sequencing of aircraft onto the runways,
and manually determine the aircraft maneuvers that should be
performed in order to achieve the desirable spacing and

sequencing.

3.1.7.2 Near Term Improvements

Current plans call for terminal flow management to be enhanced
in the Near Term through coordination with the En Route Metering
function described in 2.1.7. The terminal metering and
sequencing functions performed in TRACONs will continue to be

performed manually.

3.1.7.3 Far Term Improvements

In the Far Term, Terminal Sequencing and Spacing (TS&S) is
expected to be implemented in some ARTS IIIA TRACONs. TS&S
would help controllers control the arrival of aircraft in the
terminal area so that safe, efficient use could be made of the
runways. TS&S would attempt to have aircraft arrive at the
runways in the proper sequence and with proper separation from
other arriving and departing aircraft. Through computer
software, TS&S would automatically calculate the times of
arrival 1f no actions are taken by controllers, and would also

calculate the estimated arrival times that are needed for proper
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spacing of aircraft. TS&S would provide terminal controllers

|
|
with information that would help them plan any maneuvers and
' speed corrections that may be needed to achieve proper
sequencing and spacing of aircraft. TS&S would plan for
fuel-efficient descent profiles, and ultimately would include

planning for multiple runways, VFR flights, and departures.

The implementable version of TS&S is under development and can
not be completely specified at this time. Therefore, the
descriptive information in the following paragraphs should be

congsidered very tentative.

Inputs that would be required by TS&S are:

) o velocity and current position information. Obtained
from ARTS IIIA automatic tracking program.

o aircraft type. Obtained from flight plans from the host
ARTCC, adjacent TRACON, etc.

o airport configuration and conditions (arrival and
departure runways in use, departure/arrival mix as to
volume, adaptation data associated with the airport
configuration, arrival spacing requirements, weather

data, etc.)

o expected arrival time at terminal metering fix.
Obtained from host ARTCC.
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Outputs that would be provided by TS&S are:

o data block informaticn for each metered aircraft.

Provided on terminal controllers’' situation displays.

- recommended heading, altitude, and/or speed to which

the aircraft should be told to change at this time.

landing sequence number, assigned runway, and required

separation.

~ number of seconds that the aircraft must be delayed.

- time of expected departure from meter fix, and hold

recommendation indicator.

- geparation alert.

= an indication of whether or not the aircraft is flying
a fuel-efficient descent profile path.

o tabular data. Provided on terminal controllers' and/or

supervisors' situation displays.

- flight plan information for those aircraft that are
expected to arrive in the terminal airspace within the

next few minutes.
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a hold indication for each aircraft for which a hold

is recommended.

- proposed time of departure from meter fix for each

aircraft.

: -~ amount of delay time that should be imposed on each
; aircraft considering its expected time of arrival at

its meter fix.

= real-time wind data calculated from tracking results

versus assigned aircraft headings and speeds.

- preview of next maneuvering command that will be

presented to controller.
o information to be sent to the host ARTCC.

- Proposed Time of Departure (PTD) from meter fixes for
each arriving aircraft that would require delays
greater than the normal control ability of the
terminal. Digital data messages for use by En Route

Metering.

~ current aircraft acceptance rate for each runway.

Digital or voice data for use by En Route Metering.

~ flight information for each terminal aircraft (VFR,
Tower En Route, or Departure) or runway slot
reservations. Digital or voice data for use by

En Route Metering.
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Also in the Far Term, TS&S would be made compatible with the
Terminal Conflict Alert Function and En Route Metering. TS&S
would be dependent upon En Route Metering's delivery of aircraft
to meter fixes within certain coarse time limits. In turn, TS&S
would provide En Route Metering with real-time metering and
spacing information (runway acceptance rates, runway slot usage,
or flight data for VFR flights, Tower En Route flights, and
dep&rtures) and more timely PTD data to achieve more effective
metering. TS&S would also include an automated capability for
analysis of the desirability of the use of Profile Descent and

other fuel conservation methods for individual aircraft.

3.1.7.4 Potential and Longer Range Improvements

Integrated Flow Management (IFM) is a concept that may be
implemented as a longer range improvement.. IFM (as described in
Reference 2-33) is a planning process that would provide for
communications and coordination among the various ATC facilities
(Central Flow Control, En Route, TRACON, Tower Cab) to assure
the efficient utilization of existing resources to meet the
demand imposed on the ATC system. It is concerned with a
coordinated and efficient systemwide operation and does not
exercise and direct control of individual aircraft. Preliminary

work is underway on IFM.

3.2 TRACON Facilities Connectivity

Figures 3-4, 3-5, and 3-6 show respectively, the Current, Near
Term, and Far Term connections between an ARTS III(A) TRACON and
other elements of the ATC system. The figures do not show the
specific connectivity for ARTS I1 and TPX-42 Facilities. As
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previously mentioned, the emphasis in this chapter is on ARTS
IIIA TRACONs -- the highest level of terminal automation. The
TRACONs and TRACABs that have ARTS II or TPX-42 automation
equipment do not have all of the functions and are not connected
to all of the elements indicated in the figures. ARTS I1
functional capability and connectivity are similar to ARTS IIIA
but more limited. The capability of TPX-42 equipment is much
more limited, and the equipment itself is connected only to

terminal surveillance sites.

The principal changes in connectivity from the Current System to
the Near Term System are shown in italic type in Figure 3-5.
Changes in complete functions and groups of improvements are
further emphasized by being enclosed in blocks outlined with
heavy broken lines. Similarly, italics and heavy, broken lines
are used in Figure 3-6 to indicate the principal changes in
connectivity from the Near Term System to the Far Term System.

These changes are briefly described in the following paragraphs.

Near Term

It is expected that Radar Beacon Transponders (RBX) will be
located at some airports. These would be used to exchange

BCAS-related messages between aircraft and TRACONs.

Information on aircraft arrivals and diversions is expected to
be sent via voice to the ATCCC (Air Traffic Control Command
Center) from the TRACON for use in Central Flow Control
calculations. Weather information, especially prepared for use
by TRACON controllers, would be available from the CWSU at the
host ARTCC. Digital surveillance data would be sent from
TRACONs to Tower Cabs for display.
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Far Term

In the Far Term, Data Link capabilities are expected to be
available through DABS. The TRACON would be able to send
messages to the terminal surveillance sites for uplinking to
aircraft, and would receive (from the surveillance sites)
messages that had been downlinked from aircraft. Controller
Alerts generated by ATARS would be sent to the TRACON. Advisory
messages could also be sent to the TRACON to show avoidance
maneuvers that were recommended to aircraft by ATARS and/or
BCAS. A TRACON would receive its principal weather information
from NEXRAD. NEXRAD would provide three-dimensional
precipitation information plus information on turbulence and
wind shear. Metering data would be exchanged between TS&S and
En Route Metering. TIDS is expected to be implemented in the
Far Term. It would be internal to the TRACON, and would be
connected to the ARTS computer, the host ARTCC, adjacent
TRACONs, local Tower Cabs, and remote Tower Cabs. Airport
status and weather data would be consolidated into TIDS and
displayed on special TIDS displays. It is expected that FDADs
wouid be used at ARTS sites. Surveillance data (aircraft and
weather) would be received in digital form and would be
displayed on the FDADs. It is expected that digital weather
information would come from the CWSU at the host ARTCC.

3.3 TRACON Facilities Tentative Implementation Schedule
Figure 3-7 shows the tentative implementation schedule for the
principal improvements to the TRACON Facilities. Generally, the

schedules for implementation are not schedules that have been

approved by FAA management. In many cases, no decision has been
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made to implement the function. The schedules are based on the
best estimates of the times of availability of the Technical

Data Packages. The estimates have been obtained from personnel
who have been working on the specific functions as well as from

budgetary information.

3.4 TRACON Facilities Interface Planning Summary

In the preparation of this chapter, it was necessary to make, or
accept, a number of assumptions as to what improvements would be
implemented, when they would be implemented, how they would

function at a TRACON Facility, and how they would interact with
other facilities. This section identifies assumptions and areas

of uncertainty by what are called "System Integration Issues.”

The Integration Issues cited below were identified during the
preparation of this document and were reviewed with the
appropriate FAA program managers. Follow-up on these issues was
undertaken by a joint Systems Research and Development Service
and Airway Facilities Service group. The issues and assumptions
stated below were consistent with the issue descriptions still
under consideration by this group in December 1980. The reader
18 cautioned to check for recent changes in the status of these

issues before forming any final conclusions.
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The integration issue assumptions pertinent to TRACON Facilities

are:

3.4.1 DABS-Related ARTS Software Issues

Issue 202: Use of DABS/ATARS Data by En Route and Terminal

Automation Facilities

It was assumed that in the Far Term, ATARS Advisories and DABS
data will be sent from Terminal DABS Sites to Terminal ATC

Facilities and to some adjacent En Route ATC Facilities. En
Route DABS Sites will be implemented as longer range
improvements. ATARS Advisories and DABS data will be sent from
the En Route DABS Sites to En Route ATC Facilities. En Route
and Terminal Automation Facilities will display received

advisories to their controllers.

Issue 305: ARTS IIIA Software for the DABS Era

It was assumed that commissionable software to process and
display DABS surveillance data and ATARS advisory messages at an
ARTS 1IIIA site will be developed based on the FAATC (FAA
Technical Center) TATF (Terminal Automation Test Facility)
software used to test DABS. DABS will treat ARTS IIIA as a

non-correlating user of surveillance data.

Issue 310: DABS/ATARS at Multi-Beacon ARTS IIIA Sites

It was assumed that DABS and ATARS data from multiple DABS Sites
applicable to a particular ARTS IIIA Site will be forwarded and

directed to the appropriate control position through ARTS
I1IA-based software.
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Issue 216: TABG Tracker Coast Prccessing

It was assumed that the TABG (Threshold Alpha Beta Gamma)

tracker will be improved and will be incorporated in the ARTS
IIIA software.

3.4.2 DABS-Related Hardware Issues

Issue 302: ARTS II--DABS Interface

It was assumed that Video Reconstitutors will be used to convert
digitized surveillance data for display on existing ARTS Il
time-shared displays. ARTS II software to utilize DABS
surveillance data will be developed based on the ARTS IIIA/DABS

interface software.

Issue 711: Reconstituted Video for DABS, Search Radar (ARTS
I1IA)

It was assumed that Video Reconstitutors will be used at some
ARTS IIIA sites to convert DABS surveillance data for display on
existing ARTS IIIA time-shared displays. Digital displays will
be available at gsome ARTS sites that receive DABS data during
later phases of the DABS implementation.

Issue 317: ARTS IIIA Hardware for Use with DABS

It was assumed that additional processing, storage and

communications capabilities will be provided at ARTS IIIA
locations to support DABS.
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Issue 326: SRAP

It was assumed that when DABS is implemented at a Terminal
Surveillance Facility whose search radar does not have the
Moving Target Detector capability, a portion of SRAP (Sensor
Receiver and Processor) will be installed at the Terminal
Surveillance Facility and used as a Radar Data Acquisition
System (RDAS) to provide digitized search radar data to DABS.
The SRAP at the ARTS site will be removed since ARTS will then
receive digitized search data processed by DABS.

Issue 710: ASR-9s at ARTS IIIA sites

It was assumed that the timing of the installation of any ASR-9s
at Terminal Surveillance Facilities will be independent of the
timing of DABS implementation at those facilities.

3.4.3 ARTS Software Issues

Issue 706: ATARS Advisories on Non-Mode C Aircraft

It was assumed that proximity advisories will be sent to ATARS-
equipped aircraft for target aircraft that are Mode A equipped

or are tracked by search radar.

Issue 707: ATARS Terrain Avoidance, Terminal MSAW

It was assumed that ATARS will contain an Avoidance Advisory
function for Terrain, Obstacles, and Special Afrspace. It is
further assumed that at some point this function will be merged
with terminal MSAW.
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Issue 331: AVS - Terminal Sequencing and Spacing

It was assumed that the initial designs of the Terminal
Sequencing and Spacing (TS&S) function will operate with fixed
sets of longitudinal separation standards between aircraft on
final approach. The advanced Vortex System (AVS), a potential
improvement, may be developed to permit variable separation
standards to increase runway capacity while minimizing the
likelihood of aircraft encountering wake vortices. It is
assumed that TS&S may be modified to account for variable

spacings 1f required.

3.4.4 Terminal Hardware Issue

Issue 330: TPX~-42 Replacement

¥+ was assumed that all TPX-42s will be replaced with
ARTS-II-1like equipment in the Near Term.

3.4.5 Miscellaneous Issues

Isgue 304: ARTS IIIA System Definition and Capabilities

It was assumed that as implemented in the Near Term (pre-1985),
ARTS IIIA will provide the following improvements over the
capabilities of ARTS III: automatic tracking of search radar
targets, fail-soft capability, multi-processing, continuous data
recording, more storage capacity than ARTS III,
multi-processing, a separate buffer memory for each display,
automatic overload sensing and protection, and remote tower

display and data entry.
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Issue 315: Consolidation of TRACONs

It was assumed that until the en route ATC computer replacement
has occurred, TRACON consolidation will be limited to
configurations similar to that of the NY TRACON.

Issue 405: Traffic Flow Management

It was assumed that the various advanced systems and automation
improvements (e.g., En Route Metering, Terminal Sequencing and
Spacing, and Central Flow Control) that are planned for traffic

flow management will be implemented as compatible packages.
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TOWER FACILITIES

This chapter describes the system improvements planned for the
Tower Facilities and the interfaces with other ATC facilities
for Current, Near Term and Far Term time periods. The ATC
facilities and time periods are defined in Chapter 1. The
facilities described in this chapter include the ATC facilities
that control most of the aircraft operating within an airport
traffic area, i.e., within 5 miles of an airport and below 3000
feet AGL, or taxiing on the ground. Functions performed in a
Tower Cab related to terminal area traffic control outside the
airport traffic area were discussed previously in Chapter 3 and

will not be repeated.

In Section 4.1, the current functions and equipment at different
types of Tower Cabs are discussed in a general manner, and the
Near Term and Far Term improvements are described. Then, a
discussion of the anticipated connectivity changes associated
with these Tower Cab improvements is given in Section 4.2.

This, in turn, is followed by a discussion of the tentative
implementation schedule for the improvements in Section 4.3.
Section 4.4 summarizes an assumption that was made with regard

to interfaces between future tower improvements.

4.1 Tower Cab Improvements

Table 4-1 illustrates the four major types of airports and their
associated Alr Traffic Control facilities.

o The High IFR Activity Airports are the primary airports

associated with an ARTS III TRACON. These airports have

a large amount of air traffic that operate in accordance
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4.1.1

with an IFR flight plan and a relatively small amount of
VFR traffic. Currently, about 75% of all air carrier
operations take place at this type of airport.

The Medium IFR Activity Airports are the primary
airports associated with an ARTS II or TPX-42 TRACON or

TRACAB. In general, these airports have a higher level
of VFR traffic and less IFR traffic than the high IFR
activity airports, and less total annual activity. Most
of the remaining air carrier operations take place at

this type of airport.

The High VFR Activity Airports are either secondary
(sa*ellite) airports associated with a TRACON or TRACAB,

or they are airports that have a control tower but are
not assoclated with a TRACON or TRACAB. This type of
airport has a large amount 6f VFR traffic and very
little IFR traffic. Almost all of the traffic at these

airports is small general aviation aircraft.

The Medium and Low VFR Activity Airports have less VFR

traffic and do not have a control tower. While most
airports are of this type, the annual activity at these
airports 1s usually very low. In fact, less than half

of these alrports have either paved runways or runway
lights.

Current Tower Cab Functions

Table 4-2 lists the current functions and equipment associated

with a Tower Cab at a given type of airport. Not surprisingly,
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while the functions performed at all Tower Cabs are similar, the
highest level of equipment exists at the high IFR activity
airports - all of the other airport types have a subset of this

equipment. Each Tower Cab performs the six functions described

below.

Airport Traffic Area Control

Air traffic controllers in the Tower Cab control traffic within
the airport traffic area. Visual surveillance of the aircraft
under control is normally used whenever possible. However, when
aircraft are beyond visual range, or the visibility is
restricted due to the weather or time of day, then the
controllers utilize the ASR/ATCBI BRITE Display for surveillance
information. Voice communications between the controllers and
the aircraft is accomplished by VHF or UHF radio. Civilian
aircraft utilize VHF volice communications and military aircraft

utilize VHF or UHF voice communications.

Runway and Taxiway Control

This “inction includes the control of aircraft exiting the
runway after touchdown, granting taxi clearances for arrivals
and departures, holding aircraft for departure or an available
gate, granting takeoff clearances, assuring runway clearance for
runway operations and providing safe taxiway flow management.
Visual surveillance of aircraft on the airport surface is
augmented at some high IFR activity alrports by Airport Surface
Detection Equipment (ASDE~2) . The controllers in the Tower Cab
use an ASDE Display to locate aircraft on the airport's surface
(including runways, taxiways and apron areas) when the

visibility conditions are poor.
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Flight Data Handling

Flight plan data on arriving aircraft is forwarded from the
ARTCC to the Tower Cab and printed out on the Flight Data Entry
and Printout (FDEP) equipment, and messages on departing
aircraft are sent from the Tower Cab to the ARTCC via FDEP.

Weather Data Gather{g&

Weather information, including data on the wind, barometric
pressure, temperature, ceiling, and visibility, is periodically
gathered at the airport either by personnel in the Tower Cab or
at an associated Flight Service Station or National Weather
Service (NWS) office and forwarded to other ATC and NWS
facilities. In addition, during periods of rapid change in the

weather, special observations are made.

Sudden changes in the wind due to updrafts and downdrafts are
detected by the Low Level Wind Shear Alert System (LLWSAS) at
most high IFR activity airports. The LLWSAS uses wind sensors
deployed around the airport's periphery and at the airport's
center to measure the wind's magnitude and direction. When the
LLWSAS Processor (located in the tower) detects a vector
difference of 15 knots or more between the wind velocity at any
peripheral sensor and the center sensor, the controllers in the
Tower Cab are notified by the LLWSAS Digplay that a wind shear

condition is present.

Tower Cab controllers also receive weather i{nformation from
Pilot Weather Reports (PIREP). These verbal reports, via VHF or

UHF radio communications, include airborne weather conditions or

runway/taxiway surface conditions. PIREPs can be requested by

4~=6
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the controller or volunteered by the pilot.

Airport, Weather Data Dissemination

Information on the weather and the status of the airport's
navigation aids and runways is forwarded to aircraft operating
in the terminal area either automatically through continuously
broadcasted Automatic Terminal Information Service (ATIS)
messages pre~recorded in the Tower Cab, or by the air traffic

controllers.

. Airport Lighting Control

Air traffic controllers in the Tower Cab are also responsible
‘ for adjusting the intensity of the approach, runway, and taxiway
} lighting systems to optimize their performance under the current

f visibility conditions at the airport.

4.1.2 Near Term Tower Cab Improvements

As shown in Table 4-3 and Figures 4-1, 4-2 and 4-3, six

significant improvements are anticipated in the Near Term.

Tower Cab Digital Display (TCDD)

TCDDs will replace the existing BRITE Displays and improve the
presentation of surveillance information in the Tower Cabs at a
few high IFR activity airports in the Near Term, and more
airports in the Far Term. In addition, because the TCDDs will
use narrowband digital data instead of broadband video, some

high VFR activity airports (that are also secondary [satellite]
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airports associated with an ARTS IIIA TRACON) may be equipped
with a TCDD. This assumes that adequate surveillance coverage
will be available from the surveillance site located at the

primary airport.

Flight Data Input Output (FDIO)

The existing 75 bps FDEP equipment will be replaced with FDIO
printers, keyboards and electronic tabular displays to handle
flight plan data. FDIO will have a much higher data rate
between the ARTCC and the Tower Cab (2400 bps), thus improving
the flow of flight plan data. In addition, the FDIO printers
are expected to reduce the amount of maintenance required in

comparison with the FDEP printers.

Airborne Wind Shear System (AWSS)

Alr carrier aircraft will be equipped with an airborne wind
shear detection system which will allow them to detect the
presence of wind shear while they are landing or taking off.

Terminal Data Display System (TDDS)

TDDSs will be installed at high IFR activity airports to display
local and national weather information for use in the Tower Cab
and the TRACON. A TDDS will consist of a keyboard, processor,

and several electronic tabular displays.

Computer - Generated ATIS (CGATIS)

CGATIS will replace the existing ATIS equipment at medium and

4=12
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high IFR activity airports. It will convert the airport and
weather data, entered manually by the controllers in the Tower
Cab, into continuously broadcasted, computer-generated voice
transmissions. The transmissions will be automatically sent to

the pilots flying in the area.

Wind and Altimeter Voice Equipment (WAVE)

WAVE will be installed at some medium VFR activity airports to
automatically provide wind and altimeter setting data to pilots
executing an instrument approach. The computer-generated voice

data will be sent via a VOR, NDB or some other VHF transmitter.

4.1.3 Far Term Tower Cab Improvements

In the Far Term, five significant lmprovements are tentatively

being considered by the FAA.

Airport Surface Detection Equipment (ASDE-3)

The existing vacuum tube ASDE-2s may be replaced with solid
state ASDE-3s with an improved surveillance display. In

addition, ASDE-3s may be installed at a number of high IFR
activity airports that currently do not have an ASDE.

Terminal Information Display System (TIDS)

The FAA may replace the FDIO and TDDS equipment in all high IFR
activity airport Tower Cabs with TIDS equipment in order to
eliminate the need for flight progress strips by utilizing

electronic tabular displays, and to consolidate weather and
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status information in the Tower Cab.

TIDS would consist of a TIDS Processor located in the tower and
TIDS Displays located in the TRACON and Tower Cab. The TIDS
Processor would interface with the ARTS IIIA Processor, the
ARTCC, and the TIDS Displays, and would control the flow of
flight plan and weather data between them.

TIDS would also display weather information gathered from ground
sources and pilot reports, (PIREPs), and status information for
use by the controllers in the Tower Cab and TRACON. The status
information would indicate the current status of the airport's

Communications, Surveillance and Navigation facilities.
In addition, TIDS might be used to control the intensity of the
airport's lighting systems. Additional information on TIDS is

contained in Chapter 3.

Next Generation Weather Radar (NEXRAD)

Since the Low Level Wind Shear Alert System (LLWSAS) relies upon
wind measurements taken near ground level, it can only detect
horizontal wind shear created by gust fronts or cold fronté. To
increase the safety of approaches and takeoffs, surveillance

low level wind conditions in the entire arrival and den ..e
zones is required. This requirement is beyond any anemometer
technique yet developed. Thus, NEXRAD (Reference 4-1) would be
used to supplement the LLWSAS information by directly measuring
the wind shear condition along the approach path. It would
detect both types of wind shear, provided that precipitation is

present = it would not be able to detect clear air wind shear.
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(See Chapter 7 for a discussion of NEXRAD.)

The wind shear data would be sent from NEXRAD to the TIDS
Processor in the Tower Cab, and thus, the controllers in the
Tower Cab would be alerted to the presence of hazardous wind
shear conditions by the TIDS Digplay.

Joint Automated Weather Observation System (JAWOS)

JAWOSs will be installed at some medium and high VFR activity
airports. At the high VFR activity airports that have been
designated as Limited Aviation Weather Reporting Stations
(LAWRSs), they will be used to aid the controllers in the Tower
Cab by automatically gathering local weather information and
distributing it to other ATC and NWS facilities via NADIN.

At some medium VFR activity airports, JAWOSs wiil be used to
automatically gather local weather information and then
broadcast it to pilots executing an instrument approach. A VOR,
NDB or some other VHF transmitter will be used to transmit the
computer-generated voice transmissions to the aircraft. The
weather data will also be forwarded to other ATC and NWS
facilities via NADIN.

JAWOS will functionally replace several previous weather
programs, i.e., the Semi-Automated Meteorological Observation
System (SAMOS), the Automated Low-cost Weather Observation
System (ALWOS), and the Aviation Automated Weather Observation
System (Av-AWOS). Thus, one of these JAWOS systems will be
selected for a particular site depending upon the local

requirements for weather information. Each site might include
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data on the wind, temperature, ceiling, visibility, and

barometric pressure.

Enhanced Terminal Information Service (ETIS)

The FAA might install JAWOS systems at some medium and high IFR
activity airports to automatically gather weather information
and send it to the CGATIS and the TRACON or TRACAB. The CGATIS
would use the information to replace the manually entered data

supplied by the controllers in the Tower Cab.
The TRACON or TRACAB might eventually use the JAWOS weather data
as an input to a DABS Applications Processor. The Processor

would send ETIS messages to the pilot via the DABS data link.

4.1.4 Potential and Longer Range Tower Cab Improvements

Beyond these anticipated Far Term improvements, the FAA is

tentatively exploring six other improvements.

Advanced Vortex System (AVS)

Afrcraft in flight generate counter-rotating wake vortices that
trail from their wing tips. Since the strength of these
vortices is directly related to the weight of the aircraft, the
utilization of large wide body jet aircraft in recent years has
created a potential safety problem in the vicinity of airports
where aircraft follow other aircraft at relatively close
distances. The FAA has temporarily adjusted to this problem by
adopting greater longitudinal separation (3 to 6 nauti:al miles)

between arriving aircraft under IMC conditions as a function of
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aircraft type.

To improve safety and minimize delays at some high IFR activity
airports, the FAA might install an AVS at the airports. AVS, at
least initially, may not detect the presence of the wake
vortices but rather the magnitude and direction of the wind. It
would then estimate whether the current wind conditions were
strong enough to dissipate or move these vortices away from the
approach path. AVS might be able to reduce the longitudinal
separation between arriving aircraft to 3 nautical miles for all
types of aircraft when the wind's magnitude exceeds a threshold

value which varies as a function of wind direction.

DABS Data Link Messages

The DABS data link might be used at some high IFR activity
airports to send clearance delivery and takeoff clearance
messages. This assumes that adequate surveillance coverage from

a Terminal Surveillance Site 1s available.

Tower Automated Ground Surveillance (TAGS) System

TAGS (Reference 4-2) is envisioned for possible use at a few
high IFR activity airports in order to display flight identity
information on surface aircraft that are transponder equipped.
This information would be placed on the ASDE Display in addition
to the ASDE-3 search radar data.

Runway Configuration Management System (RCMS)

RCMS might be used to reduce delays by providing information to
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supervisors in the Tower Cab or TRACON on the availability and
traffic handling characteristics of various runway

configurations. It would probably be intefaced with TIDS.

FAA Terminal Weather Radar v

FAA Terminal Weather Radars may be used at some high IFR
activity airports if NEXRADs can't be installed there. They
would be used to provide local weather information for the

TRACON and Tower Cab, including wind shear.

Automated Airport Advisory System (AAAS)

The AAAS, previously known as the Automated Terminal Service
(ATS), would consist of a survelllance system (either a search
radar and/or a beacon radar) and a AAAS Processor. The AAAS
Processor would digitally process the surveillance data and
issue advisories to arriving and departiné aircraft either by
computer-generated voice messages or a DABS data link. The
advisories would be used to improve aircraft safety in the
vicinity of an airport without a Tower Cab at a lower cost than
the installation of a Tower Cab, or to provide services at

of f-hours at an airport with a Tower Cab instead of adding an
additional shift of controllers.

4.2 Tower Cab System Connectivity

Connectivity diagrams specify the kiuds of messages sent between
ATC facilities, and the communications media used (e.g.,
directly wired, digital data channel, teletypewriter channel,
etc.). Figures 4-4, 4-5, and 4~6 illustrate the current
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connections between a Tower Cab and the other ATC facilities,

and the changes in these connections due to the anticipated Near

Term and Far Term improvements.

Two significant changes in connectivity will occur when the Near

Term improvements are implemented.

e The installation of Microwave Landing Systems (MLSs)

In the

made.

with an automatic landing capability at a few airports
will require that the Tower Cab furnish the MLS with
information on runway conditions and visibility. The
MLS, in turn, will send this data along with MLS siting
data and current MLS status data to the approaching
aircraft’ via an MLS digital uplink (see Chapter 8 for a
discussion of MLS).

The installation of TCDDs at a few airports will mean
that digital surveillance data instead of video data
will be sent to the Tower Cab from the TRACON.

Far Term, three additional changes in connectivity may be

The installation of NEXRADs would mean that weather

radar data, including wind shear, would be sent to the
Tower Cab and the TRACON.

The replacement of FDIO with TIDS would mean that flight

plan data would be exchanged with the ARTCC through the
TRACON, rather than directly with the ARTCC. Other

data, previously sent by voice between the Tower Cab and
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the TRACON, would now be exchanged through TIDS.

e The installation of JAWOS systems at some airports would
permit the automatic preparation of weather data for the
transmission of ETIS messages via DABS. JAWOS would
also send weather data to the tower to be used as an

input to CGATIS.

4.3 Tower Cab Improvements Tentative Implementation Schedule

Figure 4-~7 provides a tentative implementation schedule for the
Tower Cab improvements discussed previously. It should be
emphasized that this schedule may change in the future depending
upon the operational need for and the development progress of

the individual projects.

Information on the Near Term improvements was obtained from
preliminary budgetary information for Fiscal Years 1981 to 1984,
and information on the Far Term improvements was obtained from

the FAA program managers involved with these projects.

4.4 Tower Facilities Interface Planning Summary

In the preparation of this chapter it was necessary to make, or
accept, a number of assumptions as to what improvements would be
implemented, when they would be implemented, how they would
function at a Tower Facility, and how they would interact with
other facilities. This section identifies assumptions and areas

of uncertainty by what are called "System Integration Issues.”

The Integration Issue -~ited below was identified during the
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preparation of this document and was reviewed with the
appropriate FAA program managers. Follow-up on this issue was
undertaken by a joint System Research and Development Service
and Airway Facilities Service group. The issue and assumption
stated below was consistent with the issue description still
under consideration by this group in early December 1980. The
reader is cautioned to check for recent changes in the status of
the issue before forming any final conclusions.

The integration issue assumption pertinent to Tower Facilities

is:

Issue 331: AVS - Terminal Sequencing and Spacing

It was assumed that the initial desﬁgns of the Terminal
Sequencing and Spacing (TS&S) fupﬁ?%on will operate with fixed
sets of longitudinal separation’;tandards between aircraft on
final approach. The Advanced Vortex System (AVS), a potential
improvement, may be developed to permit variable separation
standards to increase runway capacity while minimizing the
likelihood of aircraft encountering wake vortices. It is
assumed that TS&S may be modified to account for variable

spacings if required.

4-28

e




5.

AIR TRAFFIC CONTROL COMMAND CENTER

This chapter describes the system improvements planned for the
Air Traffic Control Command Center and the interfaces with other
ATC facilities for Current, Near Term, and Far Term time
periods. The ATC facilities and time periods are defined in
Chapter 1.

The Air Traffic Control Command Center (ATCCC) described in this
chapter contains five operational components operating under a
center chief. The operational components and their locations

are:

o Central Flow Control Function (CFCF). The main control
positions are in Room 626 of Federal Office Building 10A
in Washington, D.C. Emergency Operating Facilities are
in Atlanta, Georgia and Martinsburg, West Virginia. The
Central Flow Control Computer Complex (CFCCC) is in the
Butler Building at the Jacksonville ARTCC at Hilliard,
Florida. An Automation/Communications center is located
in the St. Luke's Professional Building in Jacksonville,
Florida.

o Airport Reservation Office (ARO). The office is located
in the St. Luke's Professional Building in Jacksonville,
Florida.

o Central Altitude Reservation Function (CARF). The

function is located in the St. Luke's Professional
Building in Jacksonville, Florida.

5-1
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o Contingency Command Post (CCP). The main and backup
posts are located respectively on the 10th and 6th
floors of Federal Office Building 10A in Washington, D.C.

o Central Flow Weather Service Unit (CFWSU). The CFWSU is
co-located with the Central Flow Control Function in

Room 626 of Federal Office Building 10A in Washington,
D.C.

Voice communications and data communications used by the ATCCC

are described in Chapter 9.

<

Except for the CFWSU, all of the operational components are
manned by FAA employees. The CFWSU 1s manned by meteorologists
assigned by the National Weather Service (NWS).

5.1 ATCCC Improvements

-

The future automation improvements within the ATCCC include new
communications equipment, enhancements to CFCF through the
addition of functional modules, the replacement of the dedicated
store—and-forward CFCF communications with the general purpose
National Airspace Data Interchange Network (NADIN), the
automation of ARO, and the providing of an automated plotting
system for CARF.

Table 5-1 summarizes the Near Term improvements and the

Potential and Longer Range Improvements. Far Term improvements
have not been defined. Most of the improvements that have been
identified are in the CFCF. Therefore, Table 5-2 is provided to
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summarize these CFCF improvements.

Figures 5-1 and 5~2 describe the information flow for the ATCCC
in the Current and Near Term time periods, respectively. The
functions to be provided by the ATCCC are the same in both the
Current and Near Term time periods. However, ARO and CARF will
be automated, and the CFCF data base will be improved. These
changes are shown in Figure 5~2. There will also be changes in

communications. These are described in 5.1.1.2.

5.1.1 Central Flow Control Function

The Central Flow Control Function is the focal point for the
management of nationwide air traffic flow. Through CFCF,
remedial flow control procedures are put into effect to *
alleviate traffic flow problems. Frequently, such problems can
be predicted by CFCF and remedial actions taken before the
problems have fully developed.

CFCF improvements are expected to be made on an evolutionary
basis -- making use of the experience gained in the operation of
the simulation functions and in the manipulation of the data
base. The improvements are envisioned to be in the expansion
and modification of the CFCF data base, refinements in traffic
loading analysis and simulations, improved reliability,
introduction of graphics capabilities for CFCF specialists, and

expanded communications capabilities.

5.1.1.1 Current System

Quota Flow and Fuel Advisory Departure (FAD) Procedures are the

B L o T A b T

eakn o a



10820181 j0 eass 10; SISAITNY ammiven PejIvING &
TINININ, 1IN I [VRO]INY &
eredoy seniven (oeejive &

oI iivr ey 200V O3

AVEDIG MO 13 NOLLYINO I
NIVl WY
45 N0

wisie g0
HOISIAA WaBL 184 O1 Wie) swan @0s) vIMew . wpiom pautiisput

V¥4 O3 $221AN98 LI0BIAPY sayiean
©1 0OIISFPP VI SINIII0 1WA PRIRIEIO) PUT Jueiin  BPIACIY ¢

SN asng . e lataseta sauiran 8
THn enag

L P N L
Sivsew s wouy

sisessing @

g R R B g Ko Rl §

W13 ney Sve) et &
TIe0leIm POV Samis IRy LXNIN O
2031450 439 210 *ta 20I9TIIN] 0L

1ony puesmoy Lsualuiinor sptacid  x

TS
WrpuBdEl 4G AL ENTE FOLIPUS. i BURINIOEE 4 uaetey @
SR PR U )

.
wyreiIeme) epE1IITY jo Jaemlpsiaaysy
O] ITE T JRN) BepISalisety PPl L]
s1aL embmoy suey1019d0 M8111EN OF TTI01g 311780 1RY LI1A suciieasansy & ¢ Fol,:
.
.
-y

23073053 100w B0} 100smemg Jo MmmtPeIASIY »
3093 weivaisery Jo esmeBpeiasviry
0110011 00 el IvasIeN ¥

$10T14 L0IETIM PRE we1ITLay (P3mmen O

SUCIIOAIIBAY 131IIY Lty 1 ww
O N I T

waIeTpiee; o
231250 Seelivamin sasy L1w3i1iN OL

1100500y @
w3 mipi00) »
eweaeany iaes e
wer oMty gvs @
epIvIeIR] (oilews A0l BIOND o
S39110%g 2708305 WRIT4 PO 231450 woIvdeg MTIAIY Of

30504 3113931 @

ss1niredag pev stmmiisy

®oIMRMICM] gvy o
(SUSLTy E1pasioy WA W3IN) 49D 2emel/mOVIL O

s1a0d0y sorswmayg
~oy

vOIINMIOu] (811w e
eesn0y

$4 4130

TaRAIUY 101 IWO) AOTA (911U dpiacay -]

swot1dead

EEEYC)

(#adss aferese
LEINEIN eS0T wiatte3luen mocg [W0R, modg

1613385 210 TOUGL VEIEINT PR L ieemop |

wopieuipicoy o
vameny ity @

ATy 231AIdG Bty Pur

ety vig ®
®ii0dey ucraemigs w
F3i0dily aitai.oy gdp WEIN' €W rEmcl mOVEL W01+

i 39608 »T
(TeRI RIS

5-6

—



010281 39 SN 10) SreiieRy samiven PEIIVIRG B

2a104 iemiven |swoiiey #

*iiedey 1miven [TRolien @
eaeiteraady 0NV of

AVEOWVIO A0 14 NOLLYREO 4N
WALNID TNVIIROD TOULNOD D VU1 WV NUIL UVIN
9 0L

¥4 03 se3lasse Aicsape ssyiven
©) GOTIIPPE W] A4nII14 JeNIVAR PEINEINIC; PUT JUSIIND SPIAGIJ Y

210%30104 PUT SUO|ies seq0 1M ISR @
Y oy

sdmy sayirem @
“sopey seuiven »10mey woiy

wimesesoy ®
Sisoday syiven [ewoitey @
na33g S1f1TeIes vvom @
a1ef Jeyieen (veciivm eay

BRII0RIAPY puE SomEIS]
493130 4199 430 #1a soIstatey o3

1904 purmmoy 4oushu) WOy #pjacsy v

srimmper
Nipussn; 40 cimeres Ruipuey U 2TIEISEe Jo; jesmdey &
014493 21y ‘aemo) mEDVEL ‘ID1NV W03y

WSTINITEINTS wOfINAIENY SPRITITY jo 16INNBPRIACURIY &
wo1vmr) ey woyIseiseey spmalaY ®
sas2iendpery weo1isisdy MnITIN OF

UOLINAIPEPY PMIIITY (2IU) BPlacsy (.

2013031 1p0y se110aIseny jo InsERBpOTACERY @
o110t 1Y) Sejinarsecy jo jesmaSperacundy ¢
139mi 1 Jee) SoliBaseeny o

15medaay ORY P14 01071y LiPIETIN pUe E01IRTay [PI0es) 0]

ot vaieeny oAy eplAOI: 1

SUOTINAIBESE 18524W) ST¥ O3 $ROLIEINJIPOR Jevodesd a1i8 @
PO1IEIOLIY VOIIRAISNRY JRL2ITY TV ®
»8311am03 Buiinpends switzly Sesy

ss11001apy
naew3as0; 313501

woyvmio)n) gvy

weiimie ur 105100) AcTg vioRd

wo31vw)pi00n

$O1201g 8754205 P14 Pue 23150 NIitde1g SuILITY 0

PRIRIINGEG IR 10Ty 20, ARLAg PeIITPOI @
S1aedey wejienilg d05 nieenbey @
{1a0da1y L23a120y W 4FIN) AW smmog of

S8anIa0d00 PEr STRaiiay 10} wiviag PEIOtpeig @
220853 Bo1iemIls 10g elvenbey &
ovas ©x

Sricdey wejiemisg 10 Greembey o
woiivmoin) qvg o
e1MIe vl 1023003 Aoy C1on0 o
s1e02e104 134015 @

LN o1

esed1ouy 155160 A0S 191 IBO) SPIACId -1

sMo1Lomng

nny

volirut ooy @

UO1IRIE 33 1aies WBILZ PV 231110 4 rredRsq SurlIly Woug

20115 301505 116 L10sEOP W sey wwely WILT4 @
w0 ey

S1indey woraenits @
34031y 43381107 Ba1 WBiN1 Q9 2an0) @oay

Sliodey werieniis @
woves woag

seBeasey vorsimia ¢
Circaay serienils @

WtIs o Py
Popueiut aew

JE> tey ang 110@ 1w Bui3ed & 1w peer o)
1 pesodosd 3ows 10) sWvmesw d1iig mowmy @

150410
LIETIRTE I ] i 1isemss 43t 10 shessen minuivdey @
1dite Sured o 10 puey
EER TUITIET ERRTL IS FRNTTFFT PATT AT S0 21 Ta Wity @
vy wosy

sinamt

R e <k 4

57

»

R




principal techniques by which the Central Flow Control Function
solves traffic flow problems resulting from terminals being
impacted. A terminal is impacted if it and {ts associated
holding stacks are unable to accept aircraft at the rate at

which they are arriving for landing. The cause of such a

condition is almost always decreased terminal capacity rather

than unusually high demand. Decreases in terminal capacity are
. caused primarily by bad weather conditions, equipment outages,
; or unavailabilities of runways. The ARTCC containing an
impacted terminal will use its holding capacity to absorb as
much of the excess amount of landing traffic as is possible.
However, a condition is often reached in which the current or
predicted demand exceeds that ARTCC's reasonable capacity, and
the ARTCC itself becomes impacted. 1t is under such

circumstances that Quota flow is put into effect.

Under Quota Flow, each of the adjacent ARTCCs is given a quota
for the rate (number of flights per hour) at which it can send
flights (bound for the impacted terminal) into the impacted
ARTCC. Such an adjacent, non-impacted center may have a demand
for the impacted terminal that is in excess of the assigned
quota. If so, the non-impacted center will attempt to absorb
the difference between demand and quota by holding or delaying
flights within its airspace.

Sometimes a non-impacted center's holding capacity becomes
saturated or is in danger of becoming saturated. Under those
circumstances, a "second tier” center has a Quota Flow quota
applied to it. First tier centers are centers that are feeding
air traffic to an impacted ARTCC. A "second tier” center is one

that is feeding air traffic to a "first tier” center. As with
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first tier centers, a second tier center may have a demand for
the impacted terminal that is In excess of the assigned quota.
1f so, the second tier center will absorb the difference between
demand and quota by holding or delaying flights within its

airspace.

The FAD Procedures were developed to conserve fuel while solving
traffic flow problems resulting from terminals being impacted.
The FAD system accomplishes this by having aircraft absorb
required delays on the ground rather than in the air. The
system was originally implemented for O'Hare Airport in 1976.

It now serves several other major airports. The FAD Procedures
are instituted at an airport when the CFCF forecasts that the
delays at the airport will exceed 30 minutes for an extended
period of time. The CFCF then calculates expected delays for
arrivals within specific future time brackets. Airline
dispatchers are instructed to have their aircraft absorb all but
the last 30 minutes of such delays on the ground. The ground
delay time incurred by a FAD aircraft is then treated as the
equivalent of the same delay time in the air. After their

departure, FAD aircraft are given clearances that should limit
their airborne delay to less than 30 minutes.

The flow control specialists at the ATCCC have automation
support available that can predict flow control problems at any
of the ten (as of December 1980) pacing airports whose data is
currently processed by CFCF. (A pacing airport is one whose
traffic load is great enough as to regularly cause delays for
some of the arriving and departing aicraft. There were 17
pacing airports as of December 1980.) Figure 5-3 describes the

current communications capability.
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CFCF specialists forecast air traffic activity and predict flow
control problems through their analysis of information they

receive from:

o The 20 CONUS ARTCCs (verbal information from Local Flow

Controllers)

o Control towers (high-activity terminals) (verbal

information from controllers)
o The airline dispatch offices
o CFWSU personnel in the ATCCC
o The Central Flow Control Computer Complex

= CFCF Data Base consisting of Official Airline Guide
(OAG) Data, Flight Plan and other information
entered by ATCCC personnel, and real-time data on

flight progress from the en route (ARTCC) computers

- Traffic activity forecasts calculated from the CFCF
Data and other information

The real-time digital data from the en route computers consists
of flight plan, flight plan change, domestic departure, and
domestic diversion messages. As can be seen in Figure 5-3, the
messages are sent through a dedicated network in which five of
the ARTCCs act as store-and-forward facilities for the remaining
ARTCCs. This network is limited to one-way communications from

ARTCCs to the CFCCC. No message acknowledgements or other
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normal communications protocol capabilities are provided.

CFCF has seven primary positions and one weather support
position, each directly connected by telephone to the 20 CONUS
ARTCCs and the control towers in high—activity terminals. The
operating positions are provided with inputs from the previously
mentioned sources. The verbal information from ARTCCs includes
situation reports collected several times a day from each

ARTCC. These reports include current and expected personnel
staffing, local weather conditions, equipment status, radio
frequencies, and local assessments of real and potential problem
areas. Most of this information is collected by telephone
utilizing a direct push-button callup and conferencing
capability that connects directly to all of the ARTCCs and to
control towers in high-activity terminals. In additiomn, Autovon
circuits and the Federal Telecommunications System (FTS) are
available to communicate with the ARTCCs. The same capability
exists with all the major Air Traffic Control Towers.

CFCF personnel communicate with the CFCCC through DTEs (Data
Terminal Equipment) at the ATCCC. They can enter messages (data
base updates, requests for forecasts, etc.) via the DTE
keyboards. On request, the CFCCC (Hilliard) prepares forecasts
of air traffic activity based on the information in the data
base and sends these forecasts to a DTE or the medium speed
printer at the ATCCC. The forecasts are then analyzeé by the
Central Flow Control Specialists. If warranted, the specialists
prepare flow control advisory messages (traffic forecasts,
traffic quotas, and FAD information) and send them to the ATCCC
St. Luke's facility via facsimile equipment. Then, St. Luke's

personnel copy the information via keyboard and send it to
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NATCOM (Kansas City) via a dedicated TTY circuit. NATCOM
disseminates the information to the appropriate ARTCCs, FSSs,
and airline dispatch offices.

5.1.1.2 Near Term Improvements

In the Near Term, it is expected that all of the flow control
programs (e.g., Quota Flow, FAD) will be consolidated into a
single Delay Management Program. The CFCF data base will be
expanded and improved. This shouid result in substantial
improvement of the predicting capability. It should allow all
significant flow control problems to be recognized early enough
to enable flow adjustments to be made to eliminate the problems,
or to minimize their effects on the national flow control
picture, and it should generally allow traffic flow to be

managed with greater precision than is possible today.

It 1s expected that early in the Near Term, the Interim
Automated Flow Control System (IAFCS) will be implemented. Its
primary purpose is to provide additional improved data
communications capabilities that will improve the interfaces
among various elements of the CFCF and will facilitate the
exchange of traffic forecasts, Quota Flow control information,
FAD information, system status reports, and data requests. Each
ARTCC and each of the 17 pacing airports will be connected
through dedicated multi-point circuits to a new IAFCS data
communications processor at St. Luke's. Similar connections
will be available between the data communications processor and
the CFCCC, the Washington ATCCC, the two Emergency Operating
Facilities (Atlanta and Martinsburg), Flight Service Stations,
and Airline Dispatch Offices. Each of these access points will

5=13
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be equipped with one or more DTEs (Data Terminal Equipment).

Later in the Near Term, it is expected that all interfacility
communications involving the ATCCC will be accomplished through
NADIN. The one-way, five-ARTCC, store-and-forward data
communication network will be replaced by NADIN connections with
full communications protocol capabilities. The integration of
ATCCC digital communications into NADIN would provide for the
expansion of CFCF data collection and for the broader
dissemination of Central Flow Control and other ATCCC reports or

decisions.

Near Term CFCF software improvements are expected to include:

0 output message edit capability where review of output
messages may be accomplished at the ATCCC and changes
made, if necessary, prior to output on the

communications network;

o CFCF output messages directed onto the data
communications network from either the ATCCC or CFCCC

based upon an operator request or program control;

o General Information message input using the available

communications network;

o the ability to accept and process additional inputs from

en route and/or terminal facilities (e.g., domestic and

international progress reports, arrival messages, and

international departure messages); and
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o traffic load predictions for en route fixes.

5.1.1.3 Potential and Longer Range Improvements

Hourly Summary Data

A potential improvement that is under consideration, is having
the CFCCC provide hourly summaries of data to CFCF personnel in
the active ATCCC. The summaries would include each airport's
predicted arrivals and departures, simulated delay prediction
reports, and flow control reports that are used in the Quota

Flow and Fuel Advisory Departure (FAD) flow control procedures.

AERA

AERA is a longer range, potential improvement that would
probably affect the CFCF, ARO, and CARF. AERA would solve
routine spacing and sequencing problems and implement the
solutions through automatically-generated messages sent to
pilots via Data Link or voice radio. Among other functions,
AERA would significantly aid or replace the Local Flow Control
function (see 2.1.7) in ARTCCs and would include the

capabilities of En Route Metering (see 2.1.7). See 2.1.3.4 for
further information on AERA.

Integrated Flow Management

Preliminary work is underway on an Integrated Flow Management
(IFM) concept that would affect the CFCF, ARO, and CARF
functions. IFM is a planning process that would provide for

communications and coordination among the various ATC facilities
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(Central Flow Control, En Route, TRACON, Tower Cab) to assure
the efficient utilization of existing resources to meet the
demand imposed on the ATC system. When expected congestion
warrants, IFM would develop a coordinated and efficient
systemwide operational plan that would be executed through
control of individual aircraft by the ARTCC and TRACONs. The
IFM process addresses the problem areas of flow planning related
to the volume of traffic, expected and unexpected constraints,

contingency plans, system efficiency, and stability under
predicted operating conditions.

5.1.2 Central Flow Weather Service Unit

The CFWSU is similar to the Center Weather Service Units at
ARTCCs. CFWSU personnel furnish air traffic personnel at the
CFCF with weather data and interpretations of that weather data
in the following forms:

o analyses of existing surface weather,

o the upper-alir situation,

o the orientation of the jet stream,

o identification of areas associated with clear-air

turbulence, and

o forecasts of terminal conditions.
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Meteorologists are assigned to the CWFSU by the National Weather
Service. They assemble and correlate weather data from many

sources:

o Weather charts of the upper—air conditions (including
winds and precipitation) are received from the National
Meteorological Center on an NWS facsimile circuit. Some
of these charts are transferred to transparencies and

are displayed on the wall-siied screens by the

rear—screen pro jectors.

o Weather observations and forecasts are received from the
Weather Message Switching Center (WMSC). The
information is fed directly into an FAA-FSS Service "A"
System where it is stored on disks. The latest

.‘ applicable information is retained for use by ATCCC

! specialists. Through Service “A"” System consoles, they
i can request information of interest and can have it
displayed on a console CRT or printed on a Service "A"

System printer.

o Facsimile reproductions of radar displays from 37 (as of
December 1980) NWS Weather Radars and ARSRs (Air Route
N Surveillance Radar) are provided over dial-up telephone

circuits.

o The National Oceanic and Atmospheric Administration's
(NOAA's) National Envirommental Satellite Service
transmits satellite picture data over data lines to the
ATCCC. The pictures are obtained from the Geostationary
Operational Environmental Satellite (GOES). They show

5=17
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short—-term development and movement of cloud systems
over the 48 contiguous United States at 30-minute

intervals.

5.1.3 Airport Reservation Office

The Airport Reservation Office (ARO) is designed to relieve
congestion at the country's four highest activity airports (La
Guardia, John F. Kennedy, Washington National, and O'Hare).
During high activity hours, arrivals and departures at these
airports may be restricted to aircraft for which prior
reservations have been made with ARO. Under these
circumstances, most of the airport time slots are allocated to
commercial air carriers based upon the published schedules.
(Special, current-day modifications to the schedules can be
requested by the Airline Scheduling Committee. The ARO
coordinates these changes with the affected airports and makes
ad justments where necessary.) Alr taxis receive the second
allocation of time slots. These are also based on schedules.
General aviation and military users receive any remaining time

slots.

After determining the air carrier and air taxi reservation

allocation, the ARO allocates the remaining slots to pilots who
request slots directly from the ATCCC. A confirmation or denial
of the requested slot is made to the pilot, or an alternate time

is provided.
In the Near Term, the ARO function will be automated through the

use of the CFCF data base. This will allow reservations to be

entered through an ARO operator's keyboard for those flights
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expected to arrive at one of the four reservation-controlled
terminals when a slot time is available. Monitoring of
available slots within the CFCF data base will be possible
through the CFCF arrival 1ist routine. This list will include
all previously reserved air carrier flights, as well as any
supplementary air carrier flights, general aviation, and
military flights which have been granted reservations by the ARO

operator.

5.1.4 Central Altitude Reservation Function

The Central Altitude Reservation Function (CARF) has the
authority to reserve certain defined airspace for specific
temporary use. Generally, this use is for the mass movement of
military aircraft that are being flown with less separation than
is normally allowed. Other uses include air refueling
operations, rocket firings, missile firings, training flights
for low-level navigation and bombing, and VIP flights that
require airspace protection. CARF has primary jurisdiction over
high altitude airspace (above 18000 or 24000 feet) within CCNUS,
Alaska, Hawail, and U.S. Oceanic Flight Information Regions.
CARF also has jurisdiction over the airspace required for
special low altitude military training routes referred to as
Olive Branch routes. CARF aircraft may create unsafe conditions
for civil aircraft within normal controlled airspace due to the
manner in which the CARF aircraft fly or the fact that CARF
'flights may consist of two or more aircraft. CARF provides a
three~dimensional, protective, airspace envelope around the
planned route of flight for a specified time period. CARF
accomplishes this by instructing the appropriate ARTCCs and
TRACONs to deny non~CARF clearances to the envelope airspace.

5~19

g R P I e et S R P - Y DR R T

"7 UV PR



The size of envelope is determined by the type of mission.

Generally, CARF receives the requests for protected airspace
from cognizant military organizations well in advance of the
proposed event. This allows CARF to have adequate time for
notification and coordination between the impacted facilities
(e.g., ARTCCs, Terminals, Military Operations, etc.). CARF also

serves as the United States coordination agency for processing

airspace reservation requests for flights that will traverse

foreign airspace.

An automatic plotting system will be provided to the CARF during
the Near Term. The CARF plotting function will be provided
through the use of the cathode ray tube graphics capabilities of
a dedicated computer that will be installed in the St. Luke's
Building in Jacksonville. Plots will be presented to the CARF
operation that compare routes, altitudes, and areas of high
traffic activity against all other CARF requests previously
entered into the system to assure that no conflicts will result

from any CARF assignments.

5.1.5 Contingency Command Post

The Contingency Command Post (CCP) i1s designed to become
activated when a major calamity (such as a catastrophic failure
at one of the ARTCCs) occurs within the air traffic congrol
system. Under such circumstances, the CCP would arrange, to as
large an extent as possible, for ATC coverage of the airspace
normally controlled by the failed center. The CCP would
accomplish this through coordination with controllers at each of

the adjacent ARTCCs and appropriate TRACONs/TRACABs.
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The operational aid provided in support of the Contingency
Command Post (CCP) is in the form of direct access telephone
channels to each ARTCC (20) and to each control tower at
high-activity terminals. Additionally, limited dialing
capability 1is provided for conferencing up to 40 locations on
one call. Rear-screen projectors that utilize automated slide
selection are also provided to view a CONUS weather map, ARTCC
maps with or without route structures and/or weather, terminal
diagrams, terminal forecasts, etc. The communications channels
available to the Contingency Command Pogt are also available for

use by the other functions within the ATCCC.

Requests for assistance in handling impending crises are made to
the Contingency Command Post (CCP) where policy assistance and
advisories are provided together with communications monitoring
until the problem is resolved or the cognizant field facility

can handle the problem.

5.2 ATCCC System Connectivity

Figures 5-4 and 5-5 show the interfacility connectivity for the
Current and Near Term ATCCC, respectively. The changes noted on
Figure 5-5 result from the CFCF functional additions and the
replacement of the previous communications capability with
NADIN. The Interim Automated Flow Control System (see 5.1.1.2)
is not shown, since it is assumed that it will be replaced
(except for the buffering available in the IAFCS communications
processor) by NADIN.

The Near Term functional changes include: the addition of

domestic Progress Report and Arrival messages and the addition
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of international Departure, Progress Report, and Arrival
messages to the message repertoire between the ARTCCs and CFCCC;
the additional requests (and results) that can be obtained from
the enhanced data base (fix loading results, etc.) and hardware
(e.g., DTEs, communications processor) changes. Far Term

improvements for the ATCCC have not yet been defined.

5.3 ATCCC Tentative Implementation Schedule

In the Near Term, an automated plotting system will be added to
CARF, and ARO will be automated through the use of the CFCF data
base. As shown in Figure 5-6, no specific times have been
established for adding the enhanced CFCF functions during the
Near Term. It is expected that enhancements to the CFCF
function will be determined as experience 1s gained on the
present system or as needs are identified. Figure 5-6
identifies the addition of the automatic plotting system for
CARF.

5.4 ATCCC Facility Interface Planning Summary

In the preparation of this chapter, it was necessary to make, or
accept, a number of assumptions as to what improvements would be
implemented, when they would be implemented, how they would

function at the ATCCC Facility, and how they would interact with
other facilities. This section identifies assumptions and areas

of uncertainty by what are called "System Integration Issues.”
The Integration Issue cited below was identified during the

preparation of this document and was reviewed with the

appropriate FAA program managers. Follow-up on this issue was
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undertaken by a joint System Research and Development Service
and Airway Facilities Service group. Tﬁe issue and assumption
stated below was consistent with the i1ssue descriptions still
under consideration by this group in December 1980. The reader
is cautioned to check for recent changes in the status of this

issue before forming any final conclusions.

The integration issue assumption pertinent to the ATCCC Facility
is:

Issue 405: Traffic Flow Management

It was assumed that the various advanced systems and automation
improvements (e.g., En Route Metering, Terminal Sequencing and
Spacing, and Central Flow Control) that are planned for traffic

flow management. will be implemented as compatible packages.
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6.

FLIGHT SERVICE FACILITIES

This chapter describes the system improvements planned for the
Flight Service Facilities and the interfaces with other ATC
facilities for Current, Near Terms and Far Term time periods.
The ATC facilities and time periods are defined in Chapter 1.
Those facilities which support the provision of preflight and
inflight services primarily to non-air carrier pilots and air
crews are described. Preflight briefings provide the latest
information regarding current and forecast weather, general
flying conditions and the status of airspace and navigational
facilities along the planned route of flight. Either Visual
Flight Rule (VFR) flight plans or Instrument Flight Rule (IFR)
flight plans may be filed. 1Inflight services include the
provision of updated weather information, traffic control
information to aircraft unable to contact an ARTCC, flight
aggistance to lost or disoriented pilots, flight following of
VFR aircraft in hazardous areas and coordination of search and
rescue operationgs. Communications, weather radar, and
navigational aids are not included except to show interfaces to

the primary facilities.

During the Current time period, the primary facility described
is the non-automated Flight Service Station (FSS). Figure o-1
shows United States Locations for non-automated Flight Service
Stations. For the Near Term, Model 1 of the Flight Service
System automation program provides the initial capability. (See
Figure 6-2). With Model 1, Flight Service Data Processing
Systems (FSDPS) will be providing centralized computer support
to 41 Automated Flight Service Stations (AFSS) while the

non-automated Flight Service Station continues to function in
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NON~-AUTOMATED FSSs

DATA
PROCESSING L
EQUIPMENT
DATA OTHER
TERMINALS ASSOCIATED
AFSSs
pte—
SPECIALIST
CONSOLES
—
| - EXISTING
COMMUNICATIONS
FLIGHT SERVICE
DATA PROCESSING
SYSTEM (FSDPS)
AUTOMATED
FLIGHT SERVICE
STATION (AFSS)

FIGURE 6-2

MODEL 1 FLIGHT SERVICE AUTOMATION
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the remaining locations. Figure 6-3 shows the locations of
Flight Service Facilities and highlights Model 1 automated
facilities. Model 1 will provide automated support to the
specialist both for the entry and retrieval of information and
for automated data base maintenance. Some 14 FSDPSs will be
installed at ARTCC locations and will support the 41 of AFSSs
located at existing FSS sites. FSDPS hardware for Model 1 is to
be a subset of the Model 2 computer hardware. Model 2 AFSSs
will contain a new improved display system. Automated prototype
systems currently in place, namely the Aviation Weather and
NOTAM System (AWANS) (Atlanta, Georgia and Indianapolis,
Indiana) and the Meteorological and Aeronautical Presentation
System (MAPS) (Washington, D.C.), will not be replaced until
Model 2 is implemented. The Public Voice Response System (VRS)
now available in an experimental version, may lead to an Interim

VRS capability in the near term.

Later in the Near Term, with the implementation of Model 2,
automation of specialist support is extended by the provision of
more extensive and more selective retrieval capabilities,
improved graphics and improved displays. Direct support to the
pllot provides for access to the system utlizing the Direct User
Access Terminal (DUAT). For Model 2, the computer hardware is
expected to be expanded over Model 1, communications
capabilities will be enhanced, specialist consoles will be
replaced and direct preflight and post flight support to the
pllot and air crews is planned to be available from the system
(See Figure 6-4). Additional FSDPSs will be installed for Model
2 at the remaining 6 ARTCC locations. The number of AFSSs will
increase to 56. Two Aviation Weather Processors (AWPs) will be

supplying cehtralized data base maintenance for weather and
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aeronautical information in the Model 2 system fincluding the
pilot oriented data base in which weather, and aeronautical
information is reformatted and contractions are expanded for

improved understandability.

In the Far Term, Weather Message Switching Center (WMSC)
functions are to be incorporated in the expanded AWPs, improved
weather radar will be available (NEXRAD) and an integrated Voice
Response System capability will be provided along with the
utilization of a Voice Recognition System. Three additional
FSDPSs will be implemented (at San Juan, Honolulu and Anchorage)
along with 5 more AFSSs. Figure 6-5 shows the extent of
automated facilities with full Model 2 deployment.

Non-automated FSSs will gradually be phased out during the Far
Term when consolidation into the 61 AFSSs will be completed.

The facilities provided at the FAA Technical Center (FAATC) for
the support of the Flight Service automation program and the
training facilities at Oklahoma City are not included in this

chapter.

Improvements to Flight Service Facilities are described in
Section 6.1 which follows. Additional information and details
are provided in Section 6.2, Flight Service Facilitlies
Connectivity, Section 6.3, Flight Service Facilities Tentative
Implementation Schedule and 6.4 Flight Service Facilities

Interface Planning Summary.

6.1 Flight Service Facilities Improvements

Improvements to Flight Service Facilities have two basic goals:

one, to provide automated support to the Flight Service
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Specialist in carrying out assigned functions, now primarily a
manual and laborious process of shuffling paper and preparing
inputs; and two, to make certain services directly accessible to
pilots in a convenient and responsive way. The effect of the
improvements is to make it possible for Flight service
facilities to provide required services under increasing traffic
loads in a more responsive way while minimizing the requirement

for increased manning.

The functional breakout to be utilized throughout Chapter 6 is
shown in the first column of Table 6-1, Flight Service
Facilities Summary. It is intended to highlight those
functions addressed in the improvements program and is not
necessarily inclusive of all functions carried out at Flight
Service Stations. In the third and fourth column, improvements
planned for the Near Term are identified. These improvements
are for the Automated Flight Service Stations under Model 1 and
Model 2 of the Flight Service Station Automation Program. Model
1 will be the automated system during the time period 1982-1983
and will consolidate automated functions into a number of
Automated Flight Service Stations. The third column summarizes
Model 1 improvements to be implemented early in the Near Term.
The fourth column, summarizes Model 2 improvements expected to
be available later in the Near Term system (1983-1984) which
will include the Aviation Weather Processor and additional
functions at the FSDPS and AFSS. Each of the functions is
described below along with the impact of improvements to each of
the functions identified in the information flow diagrams
(Figures 6~6, 6-7,6-8 and 6-9). The weather briefing function
is the primary operational service provided; the ordering of the

functions 1s not intended to relate to load or priority. The
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1. Emergency Assistanwe 1. Clanasl lessage Generatlon a. NC A, Automatic Message “enerati{on a.
B Manual Lacatlon Platting h. NC N, Automated Location Calealation h e
I. En route Flfght Advisory Svrvive 4. Manual PIREP Maintenance A, Automared Suppart to PIRYP 4. Enhaace! Retrieval Ftltering a. NC
(EFAS) . Manual Neather Plot and Retrieval . Manual Weather Plat unt h.  Ilmproved Graphics/Radar b.  NC
Automated Yeatter Rerrieval
3. Data Base Maintenance Manual Automated Centralized and Fxpanded AWP /3NMSY
4. NOTAM Processing “anual NNTAM Maintenance Automated NOTAM Malrtenance Aut omated NOTAM Accoant (g N
5. Preparation of PATUAS TWEB 1. Automated Weather Retrieval* a. Automated Veather Retrleval a. Selective Veather Retrleval 4. NC
b. Dictate Recorlings h. NC h. Fnhanced Recording b  Volce flos;
k., Specialist Weather Briefing a. Automated Data Retrieval* a. Automated Veather Retrieval/ 2. Selective, Filtered Retrieval/ a. N
Display Displav
b, FAX CCTV Graphics h. NC . Automated Graphic Display h. NC
c. Limited ¢. Radar at EFAS Locatians Direct/Dial=up of ‘fultiple Padars) c. NEXRAD
7. Spectalist Flight flan Processing a. Manual Entry/Addressing and Update| a. Automated Support to Entry a. Automated Amendment, Departure, 2. NC
and Update Addressing
b. Manual IFR Interaction with ARTCC b. Minimal Manual IFR Inter- A NC b, NC
action with ARTCC
c.  NA ¢+ Weather Briefing Coordination c. NC c. NC
d. ‘tanual Suspense List d. Automated Alerts 4. NC d.  NU
B. PATWAS/TWEB Access a. PATWAS via telephone a. PATWAS via Fush-hutton Contrnl | 2. NC a. Volce Reco.
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9. Weather Observations Manual Input NC N Joint Autor
Weather Ob-
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11. Pilot Weather Briefing NA NA Automated via DUAT Integrated
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NA = Not Applicable
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evolution of each function will be traced from the Current
system through the Near Term system and the Far Term system.
For each improvement, inputs, internal functions, outputs and
operational results will be described. Changes to the flow of
information over time will be described and required interface

planning noted.

6.1.1 Emergency Assistance

Two aspects of emergency assistance are described here: one,
assistance to an overdue aircraft, i.e., Search and Rescue (SAR)
procedures, and two, assistance to a lost (disoriented) pilot.
The SAR function is discussed first. In the Current system, if
an aircraft becomes overdue (as noted from the inbound list) the
appropriate sequence of search and rescue related messages is
manually initiated. These messages are sent to the departure
FSS and those FSSs along the route of flight, requesting
information on the overdue aircraft and initiating a search and
rescue Alert Notice as appropriate. Retrieval of data on the
overdue aircraft is manual in each of the FSSs involved and the

responge must be manually generated.

In the Near Term Model 1 system, if an aircraft is overdue (as
indicated by an automated alert), a specialist at the
destination AFSS manually initiates and addresses the proper
sequence of search and rescue messages. The automatic retrieval
of data on the overdue aircraft is requested by specialists at
the departure or en route AFSS and must be manually addressed to
the requesting AFSS. (Where manual Flight Services Stations
are involved, their processing remains as described under the

Current system.)

6~17
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In the Near Term Model 2 system, when an automatic alert is
generated at the destination AFSS, the required search and
rescue messages are automatically generated and displayed to the
specialist at the destination AFSS prior to transmittal. The
system will determine the addresses of other AFSSs (e.g.,
departure, en route) which should receive search and rescue
messages. At each AFSS/FSDPS involved, requested information
will be automatically retrieved and the responses automatically
generated for display to a specialist prior to transmission.
(Processing at manual FSSs remains as described under the

Current system.)

Over time, the information flow for this function is gradually
automated and communications are improved. The operational
result i1s a more effective use of the specialist, an increased

system reliability and a decreased system response time.

Assistance to a lost or disoriented pilot is provided in the
Current system by utilizing the direction finder at the FSS in
contact with the pilot to get a bearing which is manually
plotted by a Flight Service Specialist. This involves manual
tuning of receivers and verbal confirmation of signals. The
specialist may also get other dir ynal/locational information
from the pilot (e.g., VOR radial), or time/distance checks may
be done on sequential pilot transmissions to locate the pilot's
position. The pilot is then given direction guidance to a safe
location.

In the Near Term Model 1, the procedure is the same. In the

Near Term Model 2, the specialist enters bearing information
into the FSDPS which will solve the navigational problems of
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location and compute the heading to a requested location.
Primary inputs and outputs to the pilot remain the same;
however, the support to the gpecialist in locating the aircraft
and providing a heading to a safe location is automated. The
operational effect is to provide a faster system response and

more effective utilization of the specialist.

6.1.2 En Route Flight Advisory Service (EFAS)

Forty-four Flight Service Stations provide an En Route Flight
Advisory Service (EFAS), a specialized system providing near
real-time weather service directly to pllots in flight. 1In the
Current system, the Flight Watch Specialist (FWS) who provides
the service will enter Pilot Reports (PIREPs) into the system
over Service A teletype. These are then forwarded to the WMSC
for entry into the national data base and subsequent
distribution. The FWS will manually maintain files of PIREPs
and will maintain a manual plot of current weather conditions
for the area of responsibility (600 nautical mile radius of the
Facility). When the specialist is contacted by inflight pilots,
they will be provided with current weather conditions.
Furthermore, the FWS may contact pilots to solicit PIREPsS on
local weather conditions of interest and may coordinate that

activity with the ARTCC responsible for that area.

In the Near Term Model 1, the input and maintenance of FIREP

information is supported by the automated system at the FSDPS.

‘PIREP entry may be made at the AFSS either in fixed or random

format and the system will place the message in transmission
format and send it to the WMSC. PIREP retrieval is provided by
the system for specified locations and will include PIREPs
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received from the WMSC as well as PIREPs entered at the AFSS.
PIREP retrieval may be filtered so that only those PIREPs with
information in selected fields will be retrieved. As in the
Current system, a manual weather plot may be maintained. This
may be supplemented by automated weather retrieval in the Near

Term system.

In the Far Term, the FWS will have the full range of weather
retrievals available. Improved graphic products from the NWS
Automation of Field Operations and Services (AF0S) system and
weather radar displays are also expected to be available.

PIREPs may be retrieved for a corridor along the route of flight

or by distance from a location.

Over time, the flow of information to and from the pilot remains
about the same. However, the flow of information to and from
the WMSC is improved by both the automated assistance to PIREP
entry and the improved communication capabilities. The
functions performed by the FWS are progressively automated to
provide data base maintenance and retrieval as well as improved

graphics products.

6.1.3 Data Base Maintenance

This function is to a large extent basic to all the others.
Improvements in it are reflected in the others. In the Current
system, inputs to the system are over the teletype networks
(Service B for flight information and Service A for weather and
NOTAMs). There is little or no automatic error checking. Data
maintenance for flight information is manual and involves

keeping hard copy reports organized for convenient searching and
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retrieval of information. Storage and retrieval of weather and
aeronautical information is accomplished utilizing the leased
Service A system. This system is installed at 150 FSSs.

Graphic products are available by facsimile network from NWS.

In the Near Term Model 1, automated support is provided for the
input of information and for maintenance (update) of the data
base. Specialist inputs are in either fixed or variable format
with error checking performed. New weather inputs from WMSC

replace outdated weather in the data base.

In both the Near Term Model 2 and in the Far Term, data base
maintenance functions for the Flight Service Automation System
are shared between the two Aviation Weather Processor (AWP) and

the Flight Service Data Processing Systems (FSDPSs).

6.1.3.1 Aviation Weather Processor

Weather and aeronautical information from WMSC is received at
the AWPs where a number of centralized processes are performed.
Reformatting of the information and expansion «f contractions is
automatically done for the weather and aeronautical data base to
be used in support of pilot briefings (e.g., via DUATs).

Surface Observations and Pilot Reports are reformatted but all
other messages from WMSC are utllized as received (except for
manual editing) for the data base to be used in support of the
FSS specialists. Graphic data from the NWS AFOS system is also
received at the AWP. Manual editing including manual entry of
graphics is planned for the AWP. Centralized maintenance is
also performed at the AWP on Preferred Routes, the Law

Enforcement file and Special Use Areas. Perlodic data base
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updates are sent to the FSDPSs and a complete data base is

supplied when needed (e.g., start-up).

In the far term, WMSC functions will be incorporated into
expanded AWPs. These functions include the weather and
aeronautical data gathering, data base maintenance and weather
and aerondutical data distribution functions now performed at
the WMSC.

6.1.3.2 FSDPSs

Data base maintenance except for local inmputs is automatic at
the FSDPSs in the Near Term Model 2 and the Far Term. As new
information is received from the AWP it automatically replaces
older data. Weather radar inputs are maintained for up to 13
radar sites and radar images are autoﬁatically redistributed to
each AFSSs. Graphics (e.g., AFOS products) are also
automatically maintained at the FSDPSs and redistributed to the
AFSSs.

6.1.4 NOTAM Processing

NAVAID monitoring and control is performed at the Flight Service
Station by monitoring a status panel and by switching in
alternate NAVAIDS as needed. The Flight Service Stations are
the prime source of entry of the Notices to Airmen (NOTAM) into
the national aviation data base. When outages occur or are
reported in the Current system, the specialist enters the
information into the teletype system and manually maintains a
file for local use. This requires strict manual accounting

procedures and lists to insure data integrity. 1In the Near Term
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Model 1 automated support is provided to the entry and
distribution of NOTAMs. As the specialist receives notification
of airport conditions or determines NAVAID outages, the
information is entered by the specialist in the format provided
by the computer. The program will automatically transmit the
NOTAM to the WMSC for nationwide distribution. Also the
specialist may enter a suspense time when the computer program
will recall the NOTAM for appropriate follow-on action (e.g.,
reentry, cancellation). 1In the Near Term Model 2, automated
NOTAM accounting will be provided and NAVAID status information
is expected to be provided by the Remote Maintenance and

Monitoring System (RMMS).

6.1.5 Preparation of PATWAS/TWEB

In the Current system, weather and aeronautical information
retrieval for recording Pilot Automatic Telephone Weather
Answering Service (PATWAS) and Transcribed Weather Broadcast
(TWEB) information is done manually by the specialist. TWEB
reports or TWEB synopsis from NWS may be used along with PIREPs,
NOTAMs and other information as appropriate. The specialist
dictates into the recording mechanism the specific weather
report compiled for each PATWAS and TWEB outlet. Generally, the
emphasis is on current weather or developing inclement
conditions. In the Near Term Model 1 svstem, weather retrieval
for use in PATWAS and TWEB recording is done by the automated
system which may utilize prespecified sequences of weather and
aeronautical messages by specified location or locations (which
can define PATWAS or TWEB routes) or weather reports may be
retrieved by location or route. The predefined sequences may

specify appropriate combinations of prepared text messages and
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current weather messages for the respective PATWAS or TWEB
routes in order to present to the specialist all required
information for each PATWAS or TWEB report. The specialist then
uses this information to record the reports as in the Current
system. The number of reports avalilable to the pilot is to be

expanded for the Near Term .

In the Near Term Model 2 system, weather and aeronautical
information retrieval can be route-oriented or by location and
can be by prespecified sequences. The capability to retrieve
weather and aeronautical i{nformation tallored to the specific
formats and data to be entered into the PATWAS and TWEB
recordings would be available. 1In the Far Term individual
reports would be entered into the PATWAS/TWEB utilizing Voice

Response System support.

Over time, increasing automated support is provided to the
speclalist in preparing PATWAS and TWEB recordings by first
automating the retrieval of weather and aeronautical
information, and later by the introduction of support from the

Voice Response System.

6.1.6 Specialist Weather Briefing

The weather briefing function draws on a large national data
base of weather and aeronautical information. Table 6-2 lists

the general categories of information.
In the Current system, the specialist must search through files

of teletype reports or recall weather conditions in order to

present a weather briefing to a pilot. The teletype reports of
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TABLE 6-2
WEATHER AND AERONAUTICAL
INFORMATION CATEGORIES

° Surface Aviation Weather Observations (Domestic,
Military, Canadian, Mexican, Caribbean, Alaskan)

° Aviation Terminal Forecasts (Domestic, Military,
Canadian, Mexican and Caribbean)

' . Notices to Airmen (NOTAMs)

° Flight Data Center (FDC) NOTAMs and FDC NOTAM
Cancellations

® Central Altitude Reservation Facility (CARF) NOTAMs
and CARF NOTAM Cancellations

] International NOTAMs
i Y Area Forecasts (Domestic, Canadian, Mexican and
Caribbean)
. Significant Meteorological Information
. Airmen's Meteorological Information
. Pilot Reports (Domestic, Alaskan)

[ TWEB Routes and Synopses

. Hurricane Advisories

]
[ Severe Weather Forecasts and Bulletins
[ Severe Weather Outlook

. Grid Winds

° Radar Reports (Domestic, Canadian, Caribbean)
. ATC System Command Center (ATCSCC) Messages
) Military Operations Messages

° AFOS Graphic Products

. Tropical Depression Advisories
] Prognostic Map Discussion
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weather and aeronautical conditions are manually searched for
information of importance tc¢ the pilot for the particular flight
being planned. Graphic products (including NOAA satellite
pictures) available to the specialist are received over a
facsimile network and are further available over closed circuit
television at some facilities. Weather radar displays are

available in those F$Ss having an EFAS capability.

In the Near Term Model 1 system, retrieval of weather and
aeronautical conditions from the data base is automated and can
be by predefined sequences of message typed, by specific
location and weather type, or can be area or route-oriented.
The retrieved information is presented to the specialist on a
display. Graphic products from NWS and the Satellite Field
Service Station are made available more conveniently using
closed circuit television at the majority of Model 1 facilities.
In Near Term Model 2, the retrieval of weather and aeronautical
conditions for the specialist is even more flexible and more
selective. Route-oriented briefings may utilize preferred
routes available from the system, filtering of reports on the
basis of weather conditions is utilized (i.e., 1f there are no
significant weather phenomena the report is not displayed).
Graphic displays (including AFOS products) and weather radar
would be retrieved from the data base; these would be viewed on

a separate video terminal by the specialist.

The automation of weather and aeronautical data retrieval and
display to the specialist is progressively improved to be more
flexible and increasingly selective in order to provide the

needed information more quickly and with the minimum amount of

+excess information.
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6.1.7 Specialist Flight Plan Processing

In the Current system, when a speclalist receives required

information from a pilot wishing to file a flight plan, the

specialist will note the information while talking to the

pilot. The flight plan is then entered into the Service B

teletype network in a highly structured format and addressed to
, the destination FSS if it is VFR or to the departure ARTCC 1if it
! is IFR. Error notifications or rejections from the addressees
must be corrected in the same structured format and addressed to
the specific locations. Subsequent amendment, departure and

flight plan close messages must be entered in a similar

fashion. Coordination with ARTCCs is accomplished via telephone
or utilizing the manual process described above. 1In the Near
Term Model 1 system, the specialist will request a flight plan
format on the video terminal when a pilot requests assistance in
filing a flight plan. As the pilot gives information to the

' specialist, the specialist will enter it in the proper fields
until the required information is complete. The specialist will
then indicate whether the flight plan is to be transmitted to an
ARTCC (for IFR flights) or sent to the destination facility when

. activated (in the case of VFR). In both Model 1 and Model 2,

| flight plan information entered in the process of a weather

briefing will be retained temporarily by the system for use in

' building a flight plan message so such information will not have

to be reentered.

In the Current system a list of incoming flights is manually
maintained by the specialist and 1s used to determine if flights
are overdue. In the Near Term and Far Term systems, the list of

incoming flights is automatically maintained by the system.
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Flights that are overdue (i.e., not closed or cancelled, within
a specified time of expected arrival) will cause an automatic

system alert at a specialist position.
In the Near Term Model 2 system and the Far Term system, such
alerts will also cause the system to prepare Search and Rescue

messages for review and possible use by the speclalist.

6.1.8 Weather Observations

In the Current system, weather observations wmay be taken at an
FSS. In addition to local use, these observations are the basis
for weather messages which are manually entered into the Service
A network for transmission to the WMSC and redistribution
nationwide. In the Near Term Model 1 and Model 2 system, such
weather observations will continue to be made and weather
messages will be entered via gspecialist terminals at AFSSs or
manually at non-automated FSSs into the Service A, ABDIS or
NADIN network for transmission to the WMSC and nationwide
redistribution. 1In the Far Term, it is anticipated that the
Joint Automated Weather Observation System (JAWOS) will provide
a means of automatically providing weather observations for
local use as well as for retransmission to WMSC (or combined
AWP/WMSC) for nationwide distribution.

6.1.9 PATWAS/TWEB Access

In the Current gystem, PATWAS access is via telephone. The
pilot must dial the specific number to get the local or FATWAS
route information required. In the Near Term and Far Term

systems, one telephone number will have a selection ef routes or
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local briefings available by utilizing push-button control. 1In-
the Far Term, PATWAS access may also utilize a Voice Recognition
System. TWEB access is available via radio throughout the time

perlods covered.

6.1.10 Pilot Flight Plan Entry/Close

In the Current and Near Term Model 1 systems, the pilot does not
have direct access to the system for filing or closing flight
plans. The pilot may, however, utilize the Fast File capability
which will record flight plan information for subsequent entry
into the system by a specfalist. In the Near Term Model 2
system, the pilot may use a DUAT to enter flight plans. On a
DUAT, entries are made in a conversational mode, and if the
filing i8 in conjunction with a weather briefing, flight plan
information entered during the course of the weather briefing 1is
retained temporarily by the system and is available to the pilot
to use without reentry. Also the DUAT may be used for
cancelling or closing a flight plan.

In the Far Term, DUAT support is extended and the Voice Response
System (VRS) is used in conjunction with entries on a
push~-button equipped telephone. 1In the case of VRS the system
will echo each element of the flight plan entered by the pilot
for confirmation or correction. Flight data entered into the
system by a pilot is transmitted to the departure ARTCC in the

case of IFR and to the departure and arrival AFSS in the case of
VFR.

6.1.11 Pilot Weather Briefing

Except for PATWAS (and TWEB) the pilot does not have direct
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access to the system for a weather briefing until Near Term
Model 2. In that system, a Direct User Access Device (DUAT) may
be used by a pilot to carry out an interactive session with the
FSDPS to get a briefing on weather and aeronautical information
either on a route-oriented or specific location basis. If the
DUAT is capable of displaying graphics, appropriate graphics
will be presented as part of the briefing. If not, area
forecasts will be displayed for the indicated route of flight.

In the Far Term, a pilot may use push-button equipped telephone
to request local or route-oriented briefings from the Voice
Response System. Pilot briefings are presented by the system
utilizing the special data base in which weather and
aeronautical messages have been reformatted and contractions

have been expanded.

Voice Response capabilities are also being pursued independent
of any specific FSAS model and could be implemented as a
separate system much earlier depending on the results of

configuration and requirement studies underway.

6.1.12 Improvements Dependencies

The most notable dependency between the improvements is the
dependency of the briefing functions, the primary operational
task, on the automated data base maintenance function. In fact,
all the improvements are to some extent dependent on the
improved data base maintenance. Improved specialist support, in
Model 2, is dependent on the improved consoles and displays as
well as data maintenance automatically performed at the AWP and

FSDPS. Editing functions (including graphic capabilities)
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erpected to be available at the AWP will further enhance the
useability of the national data base of weather and aeronautical
information. Improved graphics are dependent on the
availability of the AFOS data from NWS. Improved weather radar
at the AFSS is dependent on the availability and remoting of the
necessary radar facilities. Direct support to the pilot
provided under improvements 9 and 10 as cited in Table 6-1 are
dependent on the expanded data base developed at the AWP (1i.e.,
expanded contractions and reformatting) and on the development

of the Voice Response System.

6.1.13 Potential and Longer Range Improvements

Potential and Longer Range Improvements to the Flight Service
Facilities include the use of color graphics, the utilization of
DABS data link for pilot support, voice response assistance to
the specialist, and the Center Weather Service Unit (CWSU)
interface under the Aviation Weather System (AWES) program.
Studies and/or plans in each of these areas could result in new
requirements for the Flight Service Facilities to support and

corresponding new improvements in capabilities.

6.2 Flight Service Facilities Connectivity

In this section, the connections to other facilities are
described, emphasizing the type of information passed over the
connection. Telephone connections and connections for passing
general information or administrative information are not
covered. There are four figures which illustrate the various
connections over the time periods covered in this report:

Figure 6-10 for the Current system, Figure 6-11 and 6-12 for the
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Near Term and Figure 6-13 far the Far Term. Each of the

connections will be described below over the three time periods.

6.2.1 National Weather Service

In the Current system, the National Weather Service (NWS)
provides graphic charts over a facsimile circuit. This
capability is also available in the Near Term Model 1. Starting
with Model 2, improved graphics products from the AFOS system
will be sent to the AWP via data channel. Editing and combining
of graphic products may also be performed and the products are
made available for use by the specialist at the AFSS or the
pilot via a DUAT.

6.2.2 Satellite Field Service Station

In the current system and through Model 2, graphic products in
the form of National Oceanic Atmospheric Administration (NOAA)
satellite pictures are received at some of the FSSs and/or
AFSSs. 1In the Far Term it is assumed that digitized data is
secured at the combined WMSC/AWP for retransmission to the FSDPs
(and AFSSs) nationwide.

6.2.3 Weather Message Switching Center

The Weather Message Switching Center (WMSC) gathers alphanumeric
(A/N) weather and aeronautical information from a number of
sources including NWS and FS5S sources. It is the primary source
of such national data for the Flight Service Facilities. In the
Current and Near Term Model 1 systems, this data is received by
the Flight Service Stations over Service A teletype lines. With
the adoption of NADIN I, NADIN circuits are utilized to transmit
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A/N weather and aeronautical data to and ﬁ&om the FSDPSs. In
the Near Term Model 2 system, the data will be transmitted to
and from the AWP via NADIN Ia.

6.2.4 Aviation Weather Processor

The Aviation Weather Processor is introduced in the Near Term
Model 2 system. Two AWPs will be provided, one at each NADIN
switch location. The AWPs receive alphanumeric weather and
aeronautical information from the WMSC and graphic weather from
the NWS (i.e., AFOS products). They redistribute the weather
and aeronautical information to the Flight Service Data
Processing Systems after reformatting and expanding
contractions for the alphanumeric data base to be used in pilot
briefings. A plan to provide WMSC functions at the two AWP
sites is being developed. The Far Term system shows the

resultant configuration.

6.2.5 Air Traffic Control Command Center (ATCCC)

In the Current systems, ATCCC messages are received at the FSSs
over the Service B (or ABDIS) network. In the Near Term Model
1, NADIN provides service to the FSDPSs (and FSSs). In Model 2
ATCCC information is sent to the AWP via NADIN for editing and

retransmission to the Flight Service Data Processing System.

6.2.6 Air Route Traffic Control Center (ARTCC)

In the Current system, Service B is used to send IFR flight
plans to departure ARTCCs and to send VFR flight plans to
departure and destination Flight Service Stations. 1In the Near
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Term and Far Term, NADIN communications will be utilized in a
similar fashion. Requirements for support to the Center Weather
Service Unit (CWSU) are being developed. If provided through an
automated interface to the FSDPS/AWP such support will require
additional functions and interfaces at Flight Service Facilities.

6.2.7 Pilot

The pilot and air crews are the users of the Flight Service
Facilities. As such, information related to any of the
functions described may be passed to the pilot in the form of
weather briefings, flight plan handling and emergency services.
In the Current and Near Term Model 1 systems, the pilot is
wcnnected to the Flight Service Station via telephone, radio or
face~-to-face contact. In Model 2, the pilot is able to use the
system directly by means of user terminals in addition to the
support from the Flight Service Specialist. Also, the pilot is
a source of information about current weather conditions which
enter the system as PIREPs. In the Far Term, additional direct
support to the pilot is provided by the Integrated Voice
Response Systems and the utilization of Voice Recognition

capabilities.

6.2.8 Tower Cab

Throughout the time periods covered in this report, there is a
voice connection between the Flight Service Station system and
the Tower Cab for the exchange of information on airport

conditious and local weather condition and forecasts.
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6.2.9 Weather Radar Surveillance Site

In the Current system, weather radar images are available in a
limited number of FSSs. In the Near Term Model 1 time period,
digitized weather radar will be available at the 44 En Route
Flight Advisory Service (EFAS) positions from either selected
FAA ARSR radars or from NWS WSR-57 radars. For Model 2, digital
weather radar from up to 13 radars will be available from Remote
Radar Weather Display Subsystem digitizers. This will be
displayed to the specialist by request. Each FSDPS will store a
weather radar image for all digitizer-equipped radars (with a
maximum of 13) within the FSDPS boundaries plus 150 nautical
miles. In the Far Term, the Next Generation Weather Radar
(NEXRAD) program is expected to result in new improved weather

capabilities.

6.3 Flight Service Facilities Tentative Implementation Schedule

Figure 6-14 shows a tentative implementation schedule derived
from Reference 6-1, 6-2 and other sources. The completion of
proposal requests, governmental reivew processes, and the
negotiation of contracts to develop and implement the required
capabilities may modify these schedules. The Near Term system,
Model 1, begins the process of automating Flight Service
Stations with emphasis on automated support to the specialist
both for the entry and retrieval of information and for
automated data base maintenance. In Model 2 and Model 3,
automation of specialist support is extended by the provision of
more extensive and selective retrieval capabilities, improved
graphics and improved displays and terminals. Direct support to
the pilot procvides for access to the system utilizing the Direct
User Access Terminal (DUAT) or via telephone to the Voice
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Response System (VRS). The analysis and development of Voice
Response capabilities and Voice Recognition features is
proceeding independent of specific automation models, e.g.,
Voice Response capabilities are being developed for separate
implementation as soon as possible. Possible changes in or
extensions to schedules are indicated by the broken bars. Data
base maintenance is further automated in the Model 2 with the
provision of the Aviation Weather Processors (AWPs) which also
develop the pilot oriented data base in which weather and
aeronautical messages are reformatted and contractions are
expanded for improved understandabiliy. For the Near Term
system, some 14 FSDPSs will be installed and will support a
total number of AFSSs expected to be 41. These installations
will cover a period of months. Similarly, Model 2 installation,
well underway in the near term, is not completed until the far
term with the consolidation of all FSSs into 61 AFSSs and 23
FSDPSs requiring the upgrading of hardware in the existing Model
1 FSDPSs and 9 new installations. It is anticipated that once
Model 2 has been completely installed, Model 3 enhancements can

be released as they become available.

6.4 Flight Service Interface Planning Summary

In the preparation of this chapter it was necessary to make, or
accept, a number of assumptions as to what improvements would be
implemented, when they would be implemented, how they would
function at a Flight Service Facility, and how they would
interact with other facilities. This section identifies
assumptions and areas of uncertainty by what are called "System

Integration Issues.”
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The Integration Issues cited below were identified during the
preparation of this document and were reviewed with the
appropriate FAA program managers. Follow-up on these issues was
undertaken by a joint System Research and Development Service
and Airway Facilities Service group. The issues and assumptions
stated below were consistent with the issue descriptions still
under consideration by this group in early December 1980. The
Reader is cautioned to check for recent changes in the status of
these issues before forming any final conclusions. The
integration issue assumptions pertinent to Flight Service

facilities ave:

Issue 602: AWP~WMSC Combined Function

This presentation of Flight Service Facilities assumes that a
consolidated facility to perform combined AWP-WMSC functions
will be implemented in the Far Term. Such a plan is being
considered by AAF-400. The current Flight Service Automation
System program for implementing Model II does not, however,
include the combined AWP-WMSC function nor does NADIN planning.

Issue 604: VSCS Support to AFSSs

The assumption is that VSCS will provide voice communications
(radio and ground/ground) for the proposed 61 consolidated
AFSSs, however, the VSCS program is proceeding slowly with the
FSS portion currently scheduled for the second Technical Data
Package. The problem 1s further complicated by the uncertainty
about the amount and kind of consolidation to be carried out for
the AFSSs, and the time phasing of the consolidations. VSCS
contract award is planned in early 1982 with late 1983
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delivery. Since the AFSS schedule precedes this schedule,
interim communications must be provided for the first 12 to 15
AFSSs. VSCS will be implemented in these sites following the
implementation of the other AFSSs.

Issue 605: FSS-DABS Data Link Utilization

It is assumed that no capability for pilot utilization of DABS
data link to the FSDPS/AFSS will be implemented in the
foreseeable future. The utilization of Data Link for automated
communications between aircraft and FSDPS/AFSS may be desireable
(e.g. Flight Plan filing, flight following, weather data base
access). Specific requirements and how they might be satisfied
are undefined. Cost/benefit analysis of possible capabilities

have not been done.

Issue 606: Voice communications Equipment for Non-Automated FSSs

The VSCS program, as presently structured, will not provide
radio or ground/ground voice communications equipment for the
non-automated FSSs. It is assumed that, in accordance with the
VSCS specification, VSCS will provide non-automated F3Ss the
capability to remote both existing radio and ground/ground voice
communications facilities back to an associated AFSS and allow

part-timing operation at the non-automated FSS.

Issue 607: Part-Time Use of Non-~Automated FSSs

The current VSCS specification requires and this description of
Voice Communications Facilities assumes that both radio and

ground/ground voice communications equipment and support will be
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provided to AFSSs to permit part-time operation of non-automated
FSSs. However, operators of the Flight Service Stations have
expresses reservations with regard to the projected cost savings

which may be achieved from part~timing.
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SURVEILLANCE FACILITIES

This chapter describes the system improvements planned for the
Surveillance Facilities and the interfaces with other ATC
facilities for Current, Near Term and Far Term time periods.

The ATC facilities and time perlods are defined in Chapter 1.
The description in this chapter include the facilities that
provide surveillance information on aircraft and the weather for
use by the en route and terminal ATC facilities. The use of
search radars (ASRs, ARSRs) and beacon systems (ATCRBS, DABS) to
provide surveillance information is discussed as well as
surveillance data preprocessing performed at the surveillance
sites. In addition, the utilization of separate three
dimensional weather radars to provide weather data is

discussed. And since the Automatic Traffic Advisory and
Resolution Service (ATARS), the DABS Data Link and the Beacon
Collision Avoidance System (BCAS) have elements associated with
the ground surveillance sites, they are also discussed in this

chapter.

First, the anticipated Near Term and Far Term improvements for
the en route surveillance sites are described in Section 7.1.
Then, a similar description of terminal surveillance site
improvements is presented in Section 7.2. This, in turn, is
followed in Section 7.3 by a summary of the major assumptions

that were made with regard to Surveillance Facilities.

See Chapter 4, Tower Facilities, for a discussion of Airport
Surface Detection Equipment (ASDE). ASDE is a surface search
radar that is used to locate aircraft ou an airport's surface

when the visibility conditions are poor.
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7.1 En Route Surveillance Sites

This section briefly summarizes the functions currently
performed at a typical en route surveillance site, describes the
anticipated Near Term and Far Term improvements, and briefly

discusses the tentative time phasing of these improvements.

7.1.1 Current En Route Survelllance Site Functions

Table 7-1 lists the major functions currently performed at a
typical en route surveillance site. The en route search radar,
also referred to as a Long Range Radar (LRR) or as an Air Route
Surveillance Radar (ARSR), depends solely upon electromagnetic
reflections for its surveillance information. Each ARSR has a
directional antenna which rotates 360° every 10 to 12 seconds
while the ARSR transmits a stream of L band pulses and detects
and processes the L band returns. Included in this processing
is the utilization of Moving Target Indicator (MTI) circuitry to
detect moving targets and suppress background clutter due to

electromagnetic reflections from the surrounding terrain.

The Beacon Interrogator, also referred to as an Air Traffic
Control Beacon Interrogator or ATCBI, has a directional antenna
which rotates with the ARSR antenna on the same pedestal. The
ATCBI interrogates an aircraft's ATCRBS transponder to obtain
azimuth, range, altitude and identity information from the

transponder's reply.
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Surveillance data preprocessing is performed by the Common
Digitizer (CD) which:

e Converts the broadband (video) surveillance information

from the ARSR and the ATCBI into digital data;

e Combines the numerous replies received from each

aircraft during a single antenna scan; and

e Merges the combined ARSR search data on each aircraft
with the combined ATCBI data to produce a single target
report (range, azimuth, altitude and identity) on each

alrcraft for each antenna scan.

The Weather Fixed Map Unit (WFMU) converts the broadband ARSR
weather (precipitation) information into digital data defining
two precipitation levels (low and high). The digitized aircraft

target reports and the weather data are combined in the CD and

sent to the ARTCC over telephone lines as narrowband (digital)
data. As a backup, broadband (video) data is sent over a Radar

Microwave Link (RML) to the ARTCC.

7.1.2 Near Term En Route Surveillance Site Improvements

As shown in Table 7-2 and Figures 7-1, 7-2 and 7-3, two

significant improvements are anticipated in the Near Term.

Dual Common Digitizer (CD-2)

The Common Digitizer will be replaced with a Dual Common
Digitizer (CD-2) to improve site reliability, since the CD is
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not redundant at the present time. This change will also permit
the replacement of the WFMU with circuitry within the CD-2 to
improve the accuracy of the digitized weather data by correcting
for range in the weather calibration based on the Sensitivity
Time Control (STC) curves. The weather data will be forwarded
to the ARTCCs and some FSSs or AFSSs.

Beacon Collision Avoidance System (BCAS)

Another Near Term improvement that is indirectly related to
Surveillance Facilities 1s BCAS, which will interface with other
potential surveillance improvements such as DABS and ATARS.

BCAS is an airborne collision avoidance system that interrogates
ATCRBS and DABS transponders in the vicinity of the
BCAS-equipped aircraft. If the BCAS system determines that
there is a potential conflict with aﬁother alrcraft, it will

alert the pilot to the hazardous situation. See Chapter 3 for a
more detailed discussion of BCAS.

7.1.3 Far Term En Route Surveillance Site Improvements

In the Far Term, five significant improvements are tentatively

being considered by the FAA.

Moving Target Detector (MTD)

The FAA is considering the replacement of existing MTI circuitry
with an MTD (Reference 7~1) on all ARSR-3s in order to improve

the detection of aircraft in the presence of clutter. This, in
turn, would improve the quality of the surveillance data sent to

the associated ARTCCs.
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In addition to suppressing clutter due to terrain, which is also
suppressed by the MTI, the MID would also suppress clutter due
to the weather. It {s estimated that the MTD would provide
approximately a 20 dB improvement in the detection of aircraft
in heavy clutter in comparison with an MTI. This improvement is
important not only for tracking aircraft that are unequipped
with an ATCRBS transponder, but also for tracking aircraft with
transponders that are temporarily not replying to beacon
interrogations, e.g., due to aircraft shielding while the

aircraft are turning.

The MTD would also be capable of detecting aircraft at or near
zero radial velocity, when they are flying perpendicular to the
radar line of sight.

ARSR-4

The FAA is considering replacing vacuum tube ARSR ~1s, =28 with
solid state ARSR-4s and thereby improving equipment reliability
and maintainability. The planned ARSR-4 design in:ludes RMM, a

separate weather channel, and MID instead of MTI.

ARSR Weather Channel

ARSRs are currently optimized for target detection through the
use of circular polarization and the selection of the

appropriate STC curve. These techniques minimize the capability

to detect weather. In order to provide improved weather

information, the FAA is considering the use of a second ARSR L
band receiver channel on ARSR-3s and -4s to optimize the

detection of precipitation by using linear polarization and

7-10
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selecting a STC that is more appropriate for weather detection.
The detected precipitation information would be quantized by the
MTD and the resultant digital data sent to the associated ARTCC
and FSS or Flight Service Data Processing System (FSDPS). In
addition to improved detection of aircraft in heavy clutter, one
of the attributes of the MTD is the ability to separate ground
clutter from weather clutter, thus, providing improved weather

data from the weather receiver.

Next Generation Weather Radar (NEXRAD)

At the present time, a network of 80 radars located across the
conterminous United States 1s used to provide weather

information to the National Weather Service (NWS).

56 National Weather Service (NWS) weather radars
2 USAF Air Weather Service (AWS) weather radars

22 FAA ARSRs

80

The NWS weather radars cover the U.S. east of the Rocky
Mountains and at scattered locations in the West. The ARSRs
that provide weather information to NWS are located in the

West. Digitized 2D weather information is currently being sent
from the NWS weather radars to nearby ARTCCs and some FSSs. The
useful range of each NWS weather radar for ATC use 1s about 125
nm. Beyond that, the curvature of the earth prevents good low
altitude coverage. In addition to the weather radars in the
network, 65 NWS weather radars and 84 DOD weather radars are

being used to provide local weather information.
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Due to their age, the NWS and AWS are planning to replace the
network weather radars and some of the local weather radars with
NEXRADs during the 1980s (Reference 7-2). The ARSRs would be
used to supplement NEXRAD as far as network weather information

18 concerned.

NEXRAD would probably utilize a pencil beam antenna to obtain
three-dimensional weather (precipitation) information, and
digital doppler processing to automatically detect turbulence
and forecast its movement 10 to 20 minutes into the future.
Only turbulence associated with precipitation may be detected -

clear air turbulence would not.

Remote Maintenance Monitor System (RMMS)

RMMS will be installed at each site to monitor thg.performance
of the site equipment and to forward this information to the
assoclated ARTCC (see Chapter 2 for a discussion of RMMS).

7.1.4 Potential and Longer Range Improvements for En Route

Surveillance Sites

Beyond these anticipated Far Term improvements, the FAA is

tentatively exploring the use of the Discrete Address Beacon

System (DABS) and the Automatic Traffic Advisory and Resolution
Service (ATARS) at en route surveillance sites. Both DABS and

ATARS are discussed in Section 7.2.3.

7.1.5 En Route Surveillance Site System Connectivity

Connectivity diagrams specify the kinds of messages sent between
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ATC facilities, and the communications media used (e.g.,
directly wired, digital data channel, teletypewriter channel,
etc.) Figures 7-4, 7-5, and 7-6 illustrate the current
connections between an en route surveillance site and other ATC
facilities, and the anticipated changes in these connections due

to the Near Term and Far Term improvements.

There are no significant changes in connectivity in the Near

Term. In the Far Term, two changes may be made:

e After the CD-2s are installed at the en route
surveillance sites and the Direct Access Radar Channels
(DARCs) are installed at the ARTCCs, the backup
broadband surveillance data may be eliminated, if the

digital weather data is considered to be acceptable.
® A separate NEXRAD radar network might replace the ARSRs
as the primary source of weather surveillance data for

the ARTCCs.

7.1.6 En Route Surveillance Improvements Tentative

Implementation Schedule

A tentative implementation schedule for the en route
surveillance improvements is given in Figure 7-7. It should be
emphasized that this schedule may change in the future depending

upon the need and progress of the individual improvements.
Implementation information on some of these improvements was

obtained from preliminary budgetary information. Information on

the remaining improvements is based upon discussions with the
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FAA program managers involved with these projects. At the
present time, the only firm implementation plans for any of the
anticipated en route surveillance improvements are those for the

Dual Common Digitizer (CD-2).

7.2 Terminal Surveillance Sites

This section briefly summarizes the functions currently
performed at a typical terminal surveillance site and the
anticipated Near Term and Far Term improvements. Where there is
a similarity between the en route and terminal surveillance site
improvements, a less detailed description of the terminal site

improvements is presented.

7.2.1 Current Terminal Surveillance Site Functions

Table 7-3 lists the major functions currently performed at a
terminal surveillance site. The Search Radar, also referred to

as an Alrport Surveillance Radar or ASR, depends solely upon

. electromagnetic reflections for its surveillance information.

Each ASR has a dfrectional antenna which rotates 360° every 4
to 5 seconds while the ASR transmits a stream of S band pulses
and detects the S band returns. Included is the utilization of
MTI circuitry to detect moving targets and suppress background
clutter due to electromagnetic reflections from the surrounding
terrain. The resultant video is sent to the associated TRACON
or TRACAB.

The Beacon Interrogator (ATCBI) has a directional antenna which

rotates with the ASR's antenna on the same pedestal. The ATCBI

interrogates an aircraft's ATCRBS transponder and forwards the
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transponder's reply to the TRACON or TRACAB as beacon video
information. A Defruiter is used at the surveillance site to
remove "fruit” from the reply, i.e., interference resulting from
transponder replies to other beacon interrogators in the area.
The defruited beacon video is also sent to the TRACON or TRACAB

for further processing.

7.2.2 Near Term Terminal Surveillance Site Improvements

As shown in Table 7-4 and Figures 7-8, 7-9, and 7-10, two
significant improvements are anticipated in the Near Term at
terminal surveillance sites associated with ARTS IITA TRACONs.
It has been assumed in this report that these improvements will

also be made at ARTS II terminal surveillance sites eventually.

Beacon Collision Avoidance System (BCAS)

This improvement has previously been described in Section 7.1.2
and Chapter 2.

Radar Beacon Transponder (RBX)

RBXs will be used at some airports to desensitize BCAS systems
in the vicinity of the airport as a function of distance and

altitude. The closer the BCAS-equipped aircraft is to the
runway, the greater the desensitization will be. The TRACON

will be able to change the desensitization parameters by sending
commands to the RBX.

In addition to desensitizing the aircraft, the RBX will also
forward to the TRACON any BCAS advisories issued to a pilot. If
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IIIA primary airports, including the possible detection of wind
shear along the approach path, if the wind shear is associated
with precipitation. The information would also be sent to the
Tower Cab where it would be used by the air traffic controllers

to alert the pilots attempting to land at the airport.

Discrete Address Beacon System (DABS)

DABS would further improve the beacon system beyond the
capabilities of ATCRBS by allowing a beacon interrogator to
discretely address aircraft equipped with a DABS transponder,
and by using monopulse techniques to reduce the number of beacon
interrogations per scan (Reference 7-3). These improvements, in
turn, would permit an increase in beacon surveillance capacity

and reduce interference.

The fundamental difference between ATCRBS and DABS is the manner
of selecting which aircraft responds to an interrogation.

ATCRBS interrogates all aircraft within coverage of the main
beam of the beacon interrogator's directional antenna, while
DABS interrogates each aircraft individually. After
acquisition, selection of which aircraft responds to a DABS
interrogation would be accomplished by including the afircraft's '
address in the interrogation. Directional antennas would
continue to be used by the DABS interrogators in order to
minimize interference between DABS sites and to determine the
ajrcraft's azimuth. The discrete address capability of DABS
would also provide the means for a ground to air to ground

digital data link.

Since the implementation of DABS ground sites and the
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a DABS/ATARS system is installed at the alrport, the DABS will
take over the RBX functions. (See 3.1.4.2 for a more complete
description of RBX)

7.2.3 Far Term Terminal Surveillance Site Improvements

In the Far Term, seven significant improvements are tentatively
being considered by the FAA.

Moving Target Detector (MTD)

The FAA 1s conslidering replacing the MTI circuitry in the
ASR-7s, -8s with MIDs.

ASR-9

The FAA i{s considering replacing the vacuum tube ASR-4, -5, -6
with the solid state ASR-9 and thereby improving equipment
reliability and maintainability. The ASR-9 would probably have
MTD instead of MTI, and will include a separate weather channel.

ASR Weather Channel

This {mprov:ment would be similar to the ARSR Weather Channel,
except tha. it would be an S band recelver instead of L band,

and the information would be sent to a TRACON instead of an
ARTCC.

Next Generation Weather Radar (NEXRAD)

r——

The NEXRAD may provide terminal weather information at some ARTS
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I11IA primary airports, including the possible detection of wind
shear along the approach path, if the wind shear is associated
with precipitation. The information would also be sent to the
Tower Cab where it would be used by the air traffic controllers

to alert the pilots attempting to land at the airport.

Discrete Address Beacon System (DABS)

DABS would further improve the beacon system beyond the
capabilities of ATCRBS by allowing a beacon interrogator to
discretely address aircraft equipped with a DABS transponder,
and by using monopulse techniques to reduce the number of beacon
interrogations per scan (Reference 7-3). These improvements, in
turn, would permit an increase in beacon surveillance capacity

and reduce interference.

The fundamental difference between ATCRBS and DABS is the manner
of selecting whicp aircraft responds to an interrogation.
ATCRBS 1nterroga£és all aircraft within coverage of the main
beam of the beacon interrogator's directional antenna, while
DABS interrogates each aircraft individualiy. After
acquisition, selection of which aircraft responds tc a DABS
interrogation would be accomplished by including the aircraft's
address in the interrogation. Directional antennas would
continue to be used by thie DABS interrogators in order to
minimize interference between DABS sites and to determine the
aircraft's azimuth. The discrete address capability of DABS
would also provide the means for a ground to air to ground

digital data link.

Since the {implementation of DABS ground sites and the
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installation of DABS transponders on aircraft would be expected
to occur over a period of many years, the DABS equipment would
be designed to be compatible with the existing ATCRBS
equipment. Thus, DABS interrogators would be able to
interrogate ATCRBS transponders, and DABS transponders would be
able to respond to ATCRBS interrogators.

Due to the relatively early stage of DABS implementation
planning at the present time, there are still an number of
issues to be resolved. Therefore, for this description of the

ATC system, the following assumptions have been made:

e The terminal surveillance sites with a DABS capability
would have a range of 60 nautical miles and a scan rate

of 4 to 5 seconds.

e The terminal surveillance sites with DABS would also
have an ATARS capability.

e DABS and ATARS Coordination Messages would be sent to
ad joining DABS sites. The DABS Coordination Messages
would be used to coordinate coverage between adjacent
sites. The ATARS Coordination Messages would be used to
coordinate advisories to aircraft involved in conflicts
near an ATARS boundary, and to initiate backup ATARS
services to the extent possible from adjacent sites,

when the primary ATARS site is not available.

e DABS surveillance data and ATARS controller advisory
messages may be sent from the terminal surveillance

gsites to the associated ARTCCs at some locations.
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Each DABS site would consist of: an ATCRBS/DABS Interrogator,
an ATCRBS/DABS Monopulse Receiver, and a DABS Processor. The
ATARS capability would be added by installing software in the

DABS Processor.

The ATCRBS/DABS Interrogator would transmit ATCRBS and DABS
interrogations to the aircraft, and the replies would be
detected by the monopulse receiver. The DABS Processor would
process these replies and estimate the location of each aircraft
based upon a single transponder reply per scan for DABS and only
four replies per scan for ATCRBS. Thus, the number of beacon
transponder interrogations would be reduced in comparison with

the current beacon system.

In addition, the DABS Processor would also: control the beacon
interrogation modes of each site; control the data link message
flow to and from the ATC facility and the aircraft; generate
target reports (range, azimuth, altitude, and identity) on each
aircraft for each antenna scan; correlate the target reports
with reports from previous scans; and forward this surveillance

data to the ATC facility.

Automatic Traffic Advisory and Resolution Service

(ATARS)

As described in Chapters 2 and 3, the FAA has installed or is ?
planning to install Conflict Alert software at the ARTCCs, and

ARTS II, and ARTS III TRACONs. This software is used to advise

the controller about potential conflicts, and thus prevent

midair collisions involving aircraft that are: 1in radio contact

with an air traffic controller, equipped with an altitude
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reporting (Mode C) ATCRBS transponder, and within coverage of a
beacon interrogator. The software processes the surveillance

data and alerts the air traffic controller who, in turn, alerts
the pilot.

As an eventual improvement to this service, the FAA may install
ATARS software (Reference 7-3) at en route and terminal DABS
sites. This software would automatically generate advisories to
all pilots in aircraft equipped with a DABS transponder and an
ATARS display (not just aircraft in contact with the ATC
system). ATCRBS, DABS and ASR surveillance information would be
used by the ATARS software to determine potential conflicts
between aircraft. If a potential conflict was detected, then
the DABS data link would be used to send the appropriate
advisories to the pilot(s) to resolve the conflict.

ATARS 18 viewed as a service that would be provided in the later
stages of an aircraft conflict and, thus, its warning times
would be less than the warning times associated with the
Conflict Alert algorithms. Since the maneuvers of aircraft
responding to ATARS advisories might disrupt the orderly flow of
IFR traffic, the ATARS messages would also be sent to the

associated ARTCC or ARTS II or II1IA TRACON to inform the
controllers.

Besides preventing potential midair collisions, ATARS would also
be used to generate pilot advisories to avoid possible
collisions with the terrain or obstacles, and violations of

restricted airspace such as Terminal Control Areas.
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Remote Maintenance Monitor System (RMMS)

RMMS will monitor the performance of the equipment at each
terminal surveillance site and forward this information to the
associated maintenance facility, which may not necessarily be

located at a Tower Cab.

7.2.4 Potential and Longer Range Improvements for Terminal

Surveillance Sites

Beyond these anticipated Far Term improvements, the FAA is also
tentatively exploring the use of Limited Surveillance Radars and
Terminal Weather Radars as potential and longer range
improvements. Limited Surveillance Radars (LSRs) are search
radars that may be used at some airports that do not have an
existing or planned ASR nearby, and that would not qualify for

one. The LSRs would have less capability than an ASR, and a
range of 20 nm. compared to 60 nm. for the ASR.

FAA Terminal Weather Radars may be used at some major airports
1f NEXRADs are not installed there. They would be used to
provide local weather information for the TRACON and Tower Cab,
including wind shear.

7.2.5 Terminal Surveillance Site System Connectivity

|

Figures 7-11, 7-12, and 7~13 illustrate the current connections
between a terminal surveillance site and other ATC facilities
and the changes in these connections due to the anticipated Near

Term and Far Term improvements.
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There are three significant changes in connectivity when the

Near Term improvements are implemented.

e BCAS messages will be sent via the RBX to the aircraft.

e BCAS desensitization control messages will be sent from
the TRACON to the RBX.

e BCAS controller advisory messages may be sent to the
TRACON from the aircraft via the RBX.

In the Far Term, six additional changes in connectivity may be
made.
e Digitized surveillance data will be sent to the TRACON
from the DABS site.

e ATARS advisories, Enhanced Terminal Information Service
(ETIS) messages, BCAS messages, and altimeter correction
advisories may be sent to the pilot via the DABS data
link. !

e ATARS and BCAS controller advisory, track alert, and
ATARS recording messages may be sent from the DABS site
to the TRACON; and aircraft control state, ETIS and
altimeter correction messages may be sent from the
TRACON to the DABS site.

e Digitized DABS surveillance data, ATARS and BCAS

controller advisory and track alert messages may be sent
from the DABS site to the associated ARTCC; and the
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aircraft control state message may be sent from the
ARTCC to the DABS site.

e DABS and ATARS coordination messages may be sent to some
ad jacent DABS sites.

o Three dimensional weather data, including turbulence and
wind shear, may be sent from the NEXRAD to the TRACON

and the Tower Cab.

7.2.6 Terminal Surveillance Improvements Tentative Implementa-

tion Schedule

A tentative implementation schedule for the terminal
surveillance improvements is given in Figure 7-14.
Implementation information on these improvements is based upon
data supplied by the FAA program managers involved with these

pro jects.

7.3 Surveillance Facilities Interface Planning Summary

In the preparation of this chapter it was necessary to make, or
accept, a number of assumptions as to what improvements would be
implemented, when they would be implemented, how they would
function at a Surveillance Facility, and how they would interact
with other facilities. This section identifies assumptions and
areas of uncertainty by what are called "System Integration

Issues.”

The Integration issues cited below were identified during the

preparation of this document and were reviewed with the
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appropriate FAA program managers. Follow-up on these issues was
undertaken by a joint Systems Research and Development Service
and Airway Facilities Service group. The issues and assumptions
stated below were consistent with the issue descriptions still

under consideration by this group in early December 1980. The
reader is cautioned to check for recent changes in the status of

these 1ssues before forming any final conclusions.

The intergration issue assumptions pertinent to Surveillance
Facilities are:

Broad DABS, ATARS Assumptions

Issue 202: Use of DABS/ATARS Data by En Route and Terminal

Automation Facilities

It was assumed that in the Far Term, ATARS Advisories and
DABS data will be sent from Terminal DABS Sites to Terminal
ATC Facilities and to some adjacent En Route ATC
Facilities. En Route DABS Sites will be implemented as
longer range improvements. ATARS Advisories and DABS data
will be sent from the En Route DABS Sites to En Route ATC
Facilities. En Route and Terminal Automation Facilities

will display received advisories to their controllers.

Issue 212: DABS Maintenance Concept

It was assumed that Terminal DABS sites will have a Remote
Maintenance Monitor System (RMMS) in the Far Term.
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Issue 706: ATARS Advisories on Non-Mode C Aircraft

It was assumed that proximity advisories will be sent to
ATARS-equipped alrcraft for target aircraft that are Mode A

equipped or are tracked by search radar.

Issue 702: DABS/ATARS Operational Procedures Description

It was assumed that an operational procedures description
will be available to specify the needed design and

implementation features.

Terminal DABS, ATARS Assumptions

Issue 326: SRAP

It was assumed that when DABS is implemented at a Terminal
Surveillance Facility whose search radar does not have the
Moving Target Detector capability, a portion of SRAP
(Sensor Receiver and Processor) will be installed at the
Terminal Surveillance Facility and used as a Radar Data
Acquisition System (RDAS) to provide digitized search radar
data to DABS. The SRAP at the ARTS site will be removed
since ARTS will then receive digitized search data
processed by DABS.

Issue 710: ASR-9s at ARTS IIIA Sites

It was assumed that the timing of the installation of any
ASR-98 at Terminal Surveillance Facilities will be
independent of the timing of DABS implementation at those
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facilities.

Issue 711: Reconstituted Video for DABS, Search Radar

(ARTS IIIA)

It was assumed that Video Reconstitutors will be used at
some ARTS IIIA sites to convert DABS surveillance data for
display on existing ARTS IIIA time-shared displays.

Digital displays will be available at some ARTS sites that
receive DABS during later phases of the DABS implementation.

Issue 302: ARTS II - DABS Interface

It was assumed that video reconstitutors will be used to
convert digitized surveillance data for display on existing
ARTS 11 time-shared displays. ARTS II software to utilize
DABS surveillance data will be developed based on the ARTS
IIIA/DABS interface software.

Issue 317: ARTS II1A Hardware for Use with DABS

It was assumed that additional processing, storage and
communications capabilities will be provided at ARTS IIIA
locations to support DABS.

Issue 305: ARTS IIIA Software for the DABS Era

It was assumed that commigsionable software to process and

display DABS surveillance data and ATARS advisory messages
at an ARTS IIIA site will be developed based on the FAATC
(FAA Technical Center ) TATF (Terminal Automation Test
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Facility) software used to test DABS. DABS will treat ARTS

IIIA as a non—~correlating user of surveillance data.

Issue 310: DABS/ATARS at Multi-Beacon ARTS IIIA Sites

It was assumed that DABS and ATARS data from multiple DABS
sites applicable to a particular ARTS IIIA sgite will be
forwarded and directed to the appropriate control position
through ARTS IIIA - based software.

Issue 707: ATARS Terrain Avoidance, Terminal MSAW

It was assumed that ATARS will contain an Avoidance
Advisory function for Terrain, Obstacles, and Special
Airspace. It is further assumed that at some point this
function will be merged with terminal MSAW.

En Route DABS, ATARS Assumptions

Isgsue 208: ARTCC Software for Use With DABS

It was assumed that the initial software will be able to
handle DABS terminal surveillance data, ATARS data, and
interfacility control and coordination requirements (e.g.,
Aircraft Control State). Later software will handle en
route surveillance site data.
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BCAS, DABS Assumptions

Issue 333: Full BCAS - Beacon Radar Site Antenna

Rotational Stability

It was assumed that the beacon radar site antenna systems
would be modified to improve their rotational stability if
required to support full BCAS.

Search Radar, Weather Radar Assumptions

Isgsue 712: Future Role of Primary Radar

It was assumed that the ARSR-4 as described herein will be
deployed.

Issue 713: NEXRAD/Weather Channel Development

It was assumed that the ARSR-4 weather channel and the
ASR-9 weather channel will be implemented. Supplemental
weather data above that provided by NEXRAD will be provided
by the ASRs and ARSRs.

Isgsue 206: Weather Program Definition

It was assumed that in the Far Term, the CWSU will
distribute tabular weather data to TIDS and ETABS for
display to controllers. Further assumptions as to the
exchange, use, and display of weather data are contained in
Issue 207.
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Issue 207: En Route Weather Display Concept

It was assumed that controllers will be provided with
two-dimensional weather data from WSR-57s on EWEDS 10"
(vertical) sector displays in the Near Term. Three-
dimensional digitized, Doppler weather data will be
available from NEXRAD in the Far Term. Turbulent area
information from this data will be displayed as hazardous
area contours on PVDs in the Far Term. Extensive use of
the three-dimensional characteristics of NEXRAD data will
not occur until after the ATC Computer Replacement has been

accomplished.
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NAVIGATION FACILITIES

This chapter describes the system improvements planned for the
Navigation Facilities and the interfaces with other ATC
facilities for Current, Near Term, and Far Term periods. The
ATC facilities and time periods are defined in Chapter 1. The
description in this chapter includes the FAA ground facilities
that provide navigation information to aircraft in en route and
terminal area airspace, and during approach and landing. First,
the functions currently performed by various Navigation
Facilities and the anticipated {mprovements are described in
Section 8.1. Then, a description of the connectivity changes
due to these improvements is given in Section 8.2, and a brief
discussion of the tentative time phasing of these improvements
is given in Section 8.3. 1In the final section, Section 8.4,
some of the major assumptions that were made with regard either
to Iinterfaces with other ATC facilities or to the time phasing

of the various navigation improvements are summarized.

8.1 Navigation Facilities Improvements

The anticipated navigation improvements are listed in Table

8-1. There are no Far Term improvements planned at the present
time. However, the FAA is currently participating in the
Department of Transportation's development of a Federal
Radionavigation Plan (see Reference 8-1). The primary goal of
the plan is to provide the framework for selecting from a number
of existing or planned radionavigation systems, a suitable mix
of systems which can meet the diverse user requirements in the
post-1995 time frame, while minimizing the duplication of

Government-provided services. This could lead to a reduction in
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the Government's cost for all navigation systems used in the

post 1990s, and impact future improvements not yet planned.

8.1.1 En Route and Terminal Area Navigation Facilities

Since non-FAA navigation facilities are used by some aircraft as
a supplement to the FAA facilities, both types of Navigation
Facilities are described below.

8.1.1.1 FAA Nav{ggtion Facilities

En route and terminal area navigation informatfon is currently

provided by three types of FAA ground facilities: VOR, VOR-DME,
and VORTAC.

A VHF Omnidirectional Range (VOR) ground site transmits azimuth
information relative to the ground site via AM and FM signals
modulating a VHF carrier. The phase difference between the AM
and FM signals 18 used by all civil and sorme military aircraft
to determine their bearing with respect to the VOR. The VOR may
also be used to periodically transmit Automatic Terminal
Information Service (ATIS) messages which are pre-recorded in
the Tower Cab or Transcribed Weather Broadcast (TWEB) messages
which are pre-recorded at FSSs.

A VOR-DME ground site co-locates a VOR with Distance Measuring
Equipment (DME). A DME receives L band pulse interrogations
from suitably equipped aircraft in the vicinity and responds
with similar pulses. The distance between the aircraft and the
DME ground site can then be calculated by the aircraft by

measuring the difference in time between the aircraft's
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interrogation and the reception of the DME ground site's reply.
DME equipment is used by both civil and military aircraft.

A VORTAC ground site, as shown in Table 8-2, consists of
colocated VOR and Tactical Air Navigation (TACAN) equipment.
TACAN 1s a military navigation system that provides DME distance
information, and provides its own azimuth information via
amplitude modulation of the DME pulse transmissions. The DME
portion of TACAN is used by both civil and military aircraft and
the azimuth portion is used by military aircraft. Thus, VORTAC
is a compatible civil/military navigaton system. Table 8-3
provides a count of the commissioned en route and terminal area

navigation ground sites as of September 1980.

These ground facilities are distributed across the Conterminous
United States to define three route systems: VOR Airways, Jet
Routes, and RNAV.

The VOR Airway System consists of alrways designated from 1200
feet AGL to 18,000 feet MSL and are referred to as "Victor"

Airways. The Jet Route System has routes from 18,000 feet MSL
to 45,000 feet MSL. Both the Victor Airways and the Jet Routes

utilize VOR radials to define route segments.

The Area Navigation (RNAV) Route System has routes in the same
altitude band as the Jet Routes. RNAV Routes utilize both VORs
and DMEs for navigation information, but unlike the Victor
Airways and Jet Routes, RNAV Routes do not restrict the aircraft
to fly along routes defined by VOR radials. Thus, RNAV Routes
give equipped aircraft greater flexibility in route selection.
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TABLE 8-2
VORTAC FUNCTIONS AND EQUIPMENT

Functions Equipment
1. VOR
e Transmits Azimuth Information VOR Transmitter (VHF)
e Transmit ATIS or TWEB
Information
2. DME
e Detect Aircraft DME
Interrogations DME Receiver (L Band)
e Transmit DME Replies DME Transmitter (L Band)
3. TACAN
e Detect Aircraft TACAN (DME) TACAN (DME) Receiver (L Band)
Interrogations
e Transmit TACAN (DME) Replies TACAN Transmitter (L Band)

and Azimuth Information

TABLE 8-3
CURRENT FAA EN ROUTE AND TERMINAL AREA
' NAVIGATION GROUND SITES

VOR 189
VOR~-DME 21
VORTAC 705

915 (As of 9/80)
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Special RNAV routes have recently been created for helicopter
operations in the Northeast corridor from Boston to Washington,
D. C., and consideration 1s being given to random RNAV routing

based on a helicopter operators immediate needs.

Near Term Improvements

In the Near Term, as shown in Table 8-1, the FAA is planning to
replace all vacuum tube VORs and VORTACs, and all DMEs colocated
with a VOR with solid state equipment in order to increase the
reliability and maintainability of the VOR/DME/TACAN navigation
system. This improvement is referred to as either the Solid
State VORTAC or the Second Generation VORTAC, and it is
functionally equivalent to the existing ground facilities.
Included in the improvement is the installation of the Remote
Maintenance Monitor System (RMMS) which will monitor the
performance of each VOR/DME/TACAN site, and forward
VOR/DME/TACAN status information to an associated FSS. The FSS,
in turn, will ‘orward the status data to an associated ARTCC.
(See Chapter 2 for a discussion of RMMS). Both the introduction
of the solid state technology and RMM are expected to

substantially reduce the operational and maintenance costs.

Potential and Longer Range Improvements

Beyond this anticipated improvement, the FAA is also tentatively
exploring 4D navigation as another possibile improvement. 4D
Navigation is a type of RNAV in which arrival time is one of the
parameters of the system. It might be used in high density
terminal airspace in conjunction with terminal sequencing and

spacing, and as a backup to a highly automated ATC system.
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8.1.1.2 Non~FAA Navigation Facilities

Besides the FAA, various other governmental agencies maintain
ground stations which transmit navigation information for their
own use. For example, the Coast Guard maintains LORAN-C and
OMEGA ground sites to provide maritime navigation information,
and the Navy maintains VLF-NAVCOM ground sites for
communications with its fleet. (Since the VLF-NAVCOM sites
transmit time stable signals, they can also be used to provide
navigation information.) This information can also be used by

some aircraft as a supplement to the VORTAC system.

Some air carriers are currently using OMEGA to provide
navigation information during oceanic flights, and the FAA
recently permitted helicopters to use LORAN-C to fly to and from
offshore oil rigs. Hglicopters can also use an airborne radar
approach (ARA) to locate the rigs in IFR weather. ARA utilizes
an X band airborne radar to provide guidance to the rig either
with "skin"” returns, or on a beacon transponder located at the
oil rig. In the future, these transponders may have assigned
codes so that an individual rig can be identified in a field of
rigs.

LORAN-C is being tested for both en route and non-precision
approach use. The state of Vermont wants to have LORAN-C
certified for {nstrument flight use in its area. In the Gulf of
Mexico, the FAA and industry will demonstrate flight following
in 1981 using LORAN-C helicopter position information
automatically data-linked back to ATC on shore.

The FAA 1s also studying the possible utilization of the NAVSTAR
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Global Positioning System (GPS) in the 1990s as a replacement
for the present VORTAC System. NAVSTAR GPS may be deployed by
the Department of Defense in the late-1980s. It would consist
of 18 to 24 satellites and would provide accurate navigation
information on a worldwide basis for a number of military
users. This system might eventually also replace or supplement
other civilian navigation systems, such as VORTAC, OMEGA, and
LORAN-C, sometime after 1995. However, before the FAA can make
a decision to replace the VORTAC System, further analysis will
have to be performed to prove: the operational feasibility of
this type of navigation system; its cost-effectiveness for both
the FAA and the various potential civil aviation users; and its

international acceptabiltiy.

8.1.2 Approach and Landing Navigation Facilities

As shown in Table 8-4, the FAA currently maintains several types
of ground facilities for three types of approaches: Precision
and Non-precision Instrument Approaches, and VFR Approaches.
Instrument approach procedures are established by the FAA for
individual runways at specific airports, and they may have as
many as four separate segments depending on how the approach
procedure is structured. The four segments are: 1initial
approach, intermediate approach, final approach, and missed
approach. The final approach segment, i.e., the segment between
the final approach fix and the runway, may either be a Precision

or Non-precision Instrument Approach.

8.1.2.1 Precision Instrument Approaches

Precisfon Instrument Approaches are performed utilizing
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horizontal and vertical guidance information that is currently
provided by an Instrument Landing System (ILS). As of January
1981, there are approximately 957 full or partial ILSs
commissioned or planned for 658 U.S. airports (see Table 8-5).
A full ILS generates several electronic signals (Localizer,
Glide Slope, Marker Beacons, and in a few cases, DME). It also
has an associated approach lighting system to provide visual

guidance.

The Localizer signal provides horizontal guidance information
from a minimum distance of 18 nautical miles to the runway to
align the aircraft with the runway centerline. This navigation
information is provided by amplitude modulating a VHF carrier
frequency with continuous 90 Hz and 150 Hz tones. When the
difference in depth of modulation of both tones received by the

aircraft is zero, the aircraft is on course.

The Glide Slope signal provides vertical guidance by defining a
glide path to -the runway which is approximately at a 3°
elevation angle with respect to the runway at the tcuchdown
point. This navigation information is provided by amplitude
modulating a UHF carrier frequency in the same manner as the

Localizer signal.

As shown in Table 8-6, there are three categories of Precision
Instrument Approaches. A Category I ILS system, the system most
widely used today, permits approaches to be performed only under
higher visibility and decision height criteria than Category Il
or IIIA systems. The decision height is the altitude at which

the pilot must be able to visually acquire either the runway or

the approach lights during the precision approach, or execute a
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TABLE 8-5
CURRENT AND PLANNED ILS DEPLOYMENT

o s Al AN Y

Number of ILSs Number of Airports
Non-Precision Approach
(Partial ILS No Glide Slope) 134 125
Category 1 Precision Approach 737 451
Category 11 Precision Approach
(Operational) 47 43
Category II Precision Approach
(Additional Designated Sites) 27 27
Category IIIA Precision Approach 12 12
Total 957 658
TABLE 8-6
PRECISION INSTRUMENT APPROACH CATEGORIES
Landing Minima
Category Runway Visual Range (RVR) Decision Height
1 2400 Feet 200 Feet
II 1200 100
IIIA 700 0
8-11
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missed approach.

The Outer Marker Beacon is normally located at the point at
which an aircraft will intercept the ILS glide path i{f {t {8 at
the appropriate altitude on the localizer course as defined by
the instrument approach procedure. The Middle Marker is located
at the point at which the pilot has to visually acquire either
the runway or approach lights during a Category I landing,
typically when the aircraft is approximately 1/2 nm{ from the
runway threshold and at an altitude of 200 feet above the
runway. The Inner Marker Beacon is located at the point at
which the pilot has to visually acquire either the runway or
approach lights during a Category Il landing, when the aircraft
is at an altitude of 100 feet or more above the runway. Marker
Beacons transmit a unique tone that is amplitude modulated on a
75 MHZ carrier and uniquely coded with a repetitive series of
dots and dashes. Both the tone frequency and code vary with
each Marker Beacon so that they can be individually {identified.

In addition to, or in place of Marker Beacons, some ILSs utilize

a DME to inform the pilot of his distance from the runway.

The approach lights aid the pilot in transitioning from
instrument flight to visual flight either at the middle or inner
marker by providing visual cues to keep the aircraft aligned
with the runway centerline. The approach lights consist of rows
of lights along the approach path from a point 1000 to 3000 feet
from the runway threshold to the threshold. The lighting
systems associated with a Category II system are more elaborate

than those associated with a Category I system.
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A few category III ILSs have been commissioned in the U.S.
These systems permit landings by appropriately equiped aircraft
in visibility conditions down to 700 ft visibility range and
zero decision height.

8.1.2.2 Non-Precision Instrument Approaches

Non-precision Instrument Approaches are performed utilizing
horizontal navigation information that is provided by a
localizer-only ILS, VOR, Non-directional Beacon (NDB), or

Compass Locator.

All of these ground facilities provide navigation information to
locate either a runway centerline for a straight-in approach, or
the airport for a circling approach. Each approach has a
minimum descent altitude associated with it, below which the
pilot cannot descend to complete the landing unlesé he can

visually acquire either the runway or the approach lights.

VORs, NDBs and Compass Locators may provide navigation
information for either straight—in or circling approaches based
upon their location in relation to the particular runway
centerline. 2D RNAV may be used to provide a straight-in
approach at an airport with only a VOR circling approach (due to
the VOR's location), since the RNAV system on board the aircraft
could utilize the VOR-DME navigation information to generate
information for a straight-in approach.

NDBs transmit a continuous LF or MF omnidirectional signal that

is amplitude modulated with a three-letter identification code,

except during voice transmission of pre-recorded messages
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(TWEBs) sent from Flight Service Stations. Compass Locators are
similar to an NDB, except that they are low powered providing
limited coverage, transmit a two-letter identification code, and
are used in conjunction with ILS marker beacons. A pilot can
utilize the omni-directional signal from either an NDB or a
Compass Locator with the aircraft's automatic direction finder
and heading indicator to perform a Non-precision Instrument

Approach.

8.1.2.3 Approaches By VFR Aircraft

Approaches by VFR aircraft utilize a VFR traffic pattern and can
only occur when the weather 1s at or above the basic VFR weather
minimums, as follows. (If there are obstacles in the vicinity

of the airport, the minimums will be higher.)

e In controlled alrspace - visibility 3 miles, ceiling
1000 feet AGL.

o In uncontrolled airspace - visibility 1 mile, aircraft

clear of clouds.

The FAA has installed Visual Approach Slope Indicators (VASIs)
at a number of airports to provide vertical guidance information
during a Visual Approach or an approach by a VFR aircraft to a
runway. The standard VASI consists of light bars that provide
the pilot with a visual cue that he is on, above, or below a

3° glide path during the approach to the runway. VASIs are

also used at ILS runways to provide additional guidance to the
pilot.

The FAA {s also planning to test a laser system to provide
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visual guidance for helicopters to heliports.

8.1.2.4 Approach and Landing Navigation Facilities Improvements

In the Near Term, three improvements are anticipated:
e The replacement of vacuum tube ILSs with solid state
ILSs to improve equipment reliability and
maintainability, and the installation of ILSs at
additional airports.

e The installation of 100 or more VASIs per year at
airports through the mi1d-1990s.

o The installation of Microwave Landing Systems (MLSs) at
several airports as the FAA begins the transition from
ILS to MLS.

In comparison with ILS, MLS has several major advantages:

e Due to its higher transmission frequency (C-band) MLS
allows antennas to be built with narrow beamwidths that
minimize dependence on the surrounding ground plane.
Therefore, MLS will be less susceptible to signal
transmission problems caused by the terrain and nearby
structures, tidal variations and snow. Thus, its
installation at some airports with difficult siting

problems should become economically feasible.

e Due to the increased integrity of its guidance signals,

MLS should encourage the use of automatic landings. The

8-15
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MLS should provide the pilot with the confidence to
utilize automatic, coupled approaches all the way to

touchdown.

e Due to its scanning technique in both the horizontal and

vertical planes, MLS will provide a wider coverage

area. This, in turn, will permit the uti{lization of

curved approaches and various glide paths at the more

sophisticated sites by suitably equipped aircraft.

8.1.2.5 Associated Improvements

Two other system improvements, indirectly related to navigation,
are also being considered by the FAA: the use of Head Up
Digplays (HUD) in the Near Term and the Cockpit Display of
Traffic Information (CDTI) as a Potential and Longer Range

improvement.

CDTI is a cockpit display which might provide the pilot with
information on other air traffic in his vicinity. The data for
the display would be sent from the ATC Syscem via the Digcrete
Address Beacon System (DABS) data link. Some of the possible

uses of CDTI are:

e Controller assistance to the pilot in merging and
spacing,

e Improvement of the pilot's awareness of other air

traffic,

e ATC back-up assistance in case of equipment failures,

8~16




e Blunder detection,

e En Route Operations (such as weather avoidance or 4D
RNAV)

The utilization of Head Up Displays (HUDs) is expected on board
some air carrier aircraft to aid pilots in the transition from
instrument to visual flight during an instrument approach. A
HUD is expected to enhance the pilot's ability to execute a
manual landing with less likelihood that the aircraft will

descend below the glide path after the decision height has been
reached.

8.2 Navigation Facilities System Connectivity

As shown in Figure 8-1, MLS (Reference 8-2) would be the only
anticipated improvement in FAA navigation ground facilities that
affects either ATC system connectivity, external information

flow, or the internal functions performed at a ground facility.

From a system connectivity viewpoint, MLS navigation signals
transmitted to the aircraft will change in comparison with ILS

in six ways.

® The transmission frequency of the MLS will be C band
instead of VHF or UHF.

® Azimuth and Elevation signals will be provided instead
of Localizer and Glide Slope signals.

e Back azimuth signals will be transmitted at some
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ajirports to provide horizontal guidance during a missed

approach or departure.

Precision DME (PDME) signals will be transmitted at some
MLS sites to support complex approaches and automatic
landings. The aircraft's radar altimeter or an optional
MLS flare element may be used to execute the flare
maneuver with the aid of the PDME. The PDME will
provide highly accurate distance information along the
final approach path and will be compatible with the

existing international airborne and ground DME standards.

All MLS sites will transmit basic digital data inherent
to the operation of the system. In addition, the MLS
auxiliary digital data channel can be used to transmit
such items as meteorological and runway conditions,

siting parameters, way points that define an

unconventional approach, e.g., a horizontally or
vertically segmented approach. At the present time,
there 18 no ICAO standardization for the auxifliary data.

DME signals will eventually be used instead of marker
beacon signals to locate key points during the approach.

From a functional viewpoint, the navigation information provided
by an MLS would be different from an ILS. Multiple glide paths
and azimuth positions will be provided by an MLS instead of a
single approach path, theraby permitting curved approaches
within 40° of the runway centerline and descents along glide

paths from 0.9°% to 7.5° depending on the type of aircraft.

8-19
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The FAA is considering three configurations of MLS systems (see
Table 8-7). The simplest type of MLS is the Small Community MLS
(SCMLS). This system will provide proportional azimuth coverage
when the aircraft is within + 10° of the centerline, and will
provide fly right or fly left guidance to the pilot between
1}00 and + 40° of the centerline. Proportional elevation
coverage 1s provided to at least 7.5°. The SCMLS will be used
primarily on runway lengths of up to 5000 feet.

The Basic MLS system has a broader range of coverage for
proportional azimuth and elevation angles than the SCMLS. An
azimuth antenna beamwidth will be used for runway lengths of
less than 8,000 feet providing proportional guidance tﬁoo of

centerline.

The Expanded MLS system is the most sophisticated MLS system
planned by the FAA to support all weather operations. This
system can provide increased proportional coverage or added
services. Besldes including a backcourse azimuth signal for
missed approaches or departures, it may also provide optional

flare guidance.

MLS Azimuth, Elevation, Flare and Missed Approach signals will
be provided by the time reference scanning beam (TRSB) method in
which a narrow unmodulated fan beam scans at high speed in
alternate directions through the coverage sector. The scanning
speed will be uniform, starting from one extremity of the
coverage sector and moving to the other and then back to the
starting point. The Azimuth beams will scan from left to right
of the runway centerline and then right to left, while the

Elevation and Flare beams will scan up then down towards the
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ground.

In every scanning cycle, two pulses (To, Fro) will be received
by the aircraft from each scanning beam. The time interval
between the To and Ffo pulses will be proportional to the
angular position of the aircraft with respect to the runway
centerline (Azimuth) or the ground (Elevation, Flare), and the
high update rates for these signals, 13 or 39 Hz for Azimuth and
39 Hz for Elevation, will make it possible to design simple

airborne processors that can minimize multipath effects.

The Azimuth, Elevation, Flare and Missed Approach signals, and
data messages will be time-multiplexed so that a single afircraft
receiver can process all of the information. Each guidance
signal will be preceded by a preamble which will set the

aircraft's MLS receiver for the function which follows.

Only the most sophisticated MLS sites would transmit all of the

possible guidance signals. At the most elementary MLS sites,
only Azimuth, Elevation and basic data from the MLS, and DME or

Marker Beacon signals will be transmitted.

8.3 Navigation Improvements Tentative Implementation Schedule

Figure 8-2 provides a tentative implementation schedule for the
Navigation Facilities improvements. It should be emphasized
that this schedule may change in the future as a result of
additional information concerning the need and the progress of
the individual projects.

Information on the Near Term improvements was obtained from
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preliminary budgetary information for Fiscal Years 1981 to 1984,
and information on the Far Term improvements was obtained from

the FAA program managers involved with these projects.

In the Near Term, the FAA is planning to install MLSs at a
limited number of airports. After these systems have been
evaluated in an operational environment, then additional MLSs
will be installed in the Far Term.

Due to the age of some of the ILS equipment, the FAA may have to
continue to purchase new equipment to replace existing equipment
while MLS is_being introduced. In addition, the FAA will
maintain ILSs after the MLSs have been installed to accommodate
different user needs during a transition period. Both types of
landing systems may be maintained at the same site for a

relatively long time interval, perhaps as long as 15 years.

8.4 Navigation Facilities Interface Planning Summary

In the preparation of this chapter it was necessary to make, or
accept, a number of assumptions as to what improvements would be
implemented, when they would be implemented, how they would
function at a Navigation Facility, and how they would interact
with other facilities. This section identifies assumptions and
areas of uncertainty by what are called "System Integration

Issues.”

The Integration Issues cited below were identified during the
preparation of this document and were reviewed with the
appropriate FAA program managers. Follow-up on these issues was

undertaken by a joint Systems Research and Development Service
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and Airway Facilities Service group. The issues and assumptions
stated below were consistent with the issue descriptions still
under consideration by this group in early December 1980. The
reader is cautioned to check for recent changes in the status of

these issues before forming any final conclusions.

The integration issue assumptions pertinent to navigation
Facilities are:

Issue 801: Use of the MLS Data Link

It was assumed that ICAO will standardize the MLS Auxiliary

Data format, and the messages will include the following
information:

° Runway condition,

° Runway visibility,
° MLS siting data, and

° MLS status.

Issue 803: MLS Display Requirements

It was assumed that the Microwave Landing System (MLS) data
for the pilot may be displayed on an integrated display
which may also include some of the following displays: the
Head Up Display (HUD), the weather radar display, and
existing MLS and navigation displays.

Issue 804: Candidates for Civil Aviation Navigation

It was assumed that the mix of navigation systems selrcted

8=25
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to meet aviation user requirements in the 1990s will be
determined from those candidates currently under study in

the Federal Radionavigation Plan.

Issue 805: Compatibility of Existing Planned Navigation

Systems with the ATC System

It was assumed that future ATC airspace and routing
procedures will either be modified to accomodate use of all
approved navigation systems, or will be restricted to
specific navigation systems. The objective is to avoid
aircraft using different navigation references from
entering into conflicts with other aircraft or obstacles

while cleared into common airspace.
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9.

COMMUNICATIONS FACILITIES

This chapter describes the system improvements planned for the
Data and Voice Communications Facilities and the interfaces with
other ATC facilities for Current, Near Term, and Far Term time
periods. The ATC facilities and time periods are defined in
Chapter 1. Data communications are described in Section 9.1 and
voice communications in Section 9.2. Connectivity and
implementation schedules for both current and proposed

communication improvements are also discussed.

The data communications section describes the facilities which
provide for switching and transmission of data for FAA ATC
operations. All types of ground/ground ATC data communications
are described, including low speed point-to-point teletype,
multipoint teletype, medium speed (300 through 9600 bps), data
concentration and data switching. Dial-up data transmission
channels which are accessed through telephone company switching
equipment are omitted. Facsimile transmission and broadband
radar transmission are included as data communications. TFuture

plans call for meeting these requirements with digital
techniques.

The voice communications section considers the facilitlies that
provide air/ground voice communications between FAA ATC
facilities and aircraft operating in CONUS, as well as
ground/ground voice communications between FAA operaied ATC

facilities, and between ATC and FSS facilities.

Communications directly impacting the provision of ATC services
are included. Communications between the IFR aircraft and

terminal and en route controllers, and between VFR aircraft and




Flight Service Stations are also included.

9.1 Data Communications

This section provides a brief discussion of the requirements for
data communications among FAA facilities. The improvements and
connectivity in each of four areas of automation (En Route,
TRACON/Tower, ATCCC and FSS facilities) are discussed. The
planned NADIN configuration is described and compared to current
FAA data communications facilities. Schedules for
implementation are indicated, and some assumptions pertaining to

current system configuration issues are identified.

For purposes of this discussion, data communications include:
(1) communications between people, where the message 1s
initiated on a keyboard device and is delivered on a page
printer, cathode ray tube or printout device; (2) communication
from a person to a machine, where the origination is at a
keyboard and the delivery is in the form of data or commands for
entry into a machine; (3) communication from a machine to a
person where the origination is a stream of digital information
and delivery i1s in the form of a printout; or (4) communication
from one machine to another. In general, all data
communications take the form of binary coded digital information
transmitted electrically through wire or other transmission
wedia; however, some analog transmissions are mentioned in this
gsection (i.e., radar transmissions in video form) where there
are plans in the Near Term and Far Term to replace this mode

with a digital capability.

Specifically excluded from this discussion are connections
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between local machines or between a machine and its control
console or closely associated user terminals where these
equipments are physically located within the same facility and
are considered an integral part of a data processing

configuration.

9.1.1 Improvements and Connectivity

Various improvements in the FAA data communications service are
in the planning or implementation stage. These improvements are
described as they apply to each of the time periods (Current,
Near Term, and Far Term) for each of the major facility
categories (En Route, Terminal, ATCCC and FSS). Overall

connectivity diagrams are also included for each category.

9.1.1.1 En Route Facilities Improvements

The en route data communications are comprised primarily of the
following services; ARTCC to ARTCC, ARTCC to terminal, radar
sites to ARTCC, and various teletype circuits to ARTCC. Some
basic assumptions which were used in describing the en route
data communications are listed in Table 9-1. The descriptions
of en route data communications for the three periods of
interest, Current, Near Term and Far Term, as well as Potential
and Longer Range improvements, are contained in Table 9-2. An
i11llustration of the configuration for each of the three time
periods is shown in Figures 9-1, 9-2, and 9-3. Clarifying

information is included in the next subsections.
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7.

10.

11.

TABLE 9-1
ASSUMPTIONS FOR EN ROUTE FACILITIES DATA COMMUNICATIONS

The NADIN information is per FAA-E-2661, specification for
NADIN, January 4, 1977 (Reference 9-7) and the NADIN contract
(DTFAO01-81-C20006), October 31, 1980.

A NADIN concentrator (NADIN 1A) can switch data between
computers which are connected to the concentrator, such as ARTCC
to ARTS. However, accountable TTY data (i.e. data which must be
journaled) must be sent through the switch.

The data transfer between ARTCCs im the Far Term will be via
NADIN.

The ARTS interface with NADIN includes ARTS IIIA, ARTS II, and
an ARTS II-like replacement for the TPX-42.

TIDS will be installed in ARTS IIIA sites in the Far Term.
Installacion in ARTS 1I sites is a potential and longer range
improvement.

The NADIN Enhancement interface with ARTS IIIA will be through
the TIDS (References 9-2, 9-3, and 9-5) equipment when TIDS is
installed in the Far Term.

Present FDEP equipment will be used for strip printing in
terminals in the Near Term until the FDIO System is implemented.

With the implementation of the FDIO system in the Near Term,
these FDEP transmission channels will be capable of operating at

2400 bps for the new FDIO printers and CRT/Keyboards.

The CD-2 equipment will be implemented in the Near Term.
Broadband radar and beacon data will not be retained for backup
in the Far Term.

DABS surveillance and ATARS services wiil be provided to some
ARTCCs from selected terminal DABS sites when it 1is implemented
in the Far Term. Implementation of en route DABS sites is
assumed to take place after the en route ATC computer is
replaced.

Currently three 2400 bps channels, with three redundant backup
channels, are provided for transmitting digitized radar data
from the surveillance site to the ARTCC. With the introduction
of DABS, up to four (4) 4800 bps per channels will be provided.




TABLE 9-1
(CONCLUDED)

12, With the introdu.tion of DABS, up to three (3) 4800 bps channels
shall be provided from the en route surveillance site to the
ARTCC for data link and ATARS communications.

13. Digitized weather surveillance data will be available to the
ARTCC from NEXRAD weather radar sites in thz Far Term.

14, Alphanumeric weather data from the WMSC will be available to the
ARTCC via NADIN in the Near Term.
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Current En Route Facilities

ARTCC interfacility computer-to computer data transmission is
provided over a 2400 bps primary channel, and a 2400 bps

redundant channel.

ARTCC to ARTS III (or ARTS II) interfacility
computer~to~computer data transmission 1s provided over a 2400
bps channel (Reference 9-4). A low speed FDEP circuit is
provided to print flight strips in the tower and TRACON.

No computer-to~computer interface is provided between the ARTCC
(9020) and the TPX~42 equipped TRACON since the TPX~42 is
basically a hard-wired system, with very little computing
capability. A low speed circuit from an ARTCC is, however,
provided for printing flight strips on FDEP equipment in the
TPX-42 TRACONs and towers. Low speed circuits from an ARTCC are
also provided for printing flight strips on FDEP equipment in
VFR towers.

Digitized search and beacon data from the common digitizer are
transmitted from surveillance sites to an ARTCC via three 2400
bps channels. Three identical channels are provided for

redundancy.
Weather radar data from NWS weather radar sites are transmitted
to the ARTCC via a dedicated 2400 bps channel in the Current

time period.

Teletypewriter .ervice for transmitting flight plans, flight

movement data and administrative messages is provided on three
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different networks; Area B, Utility B and Center B. The first
two networks areé connected directly to the 9020 computer in the
ARTCC. The Center B network has a terminal in the ARTCC, but is

not connected to the 9020 computer.

Flight movement reports are transmitted to the Central Flow
Control Computer Complex (CFCCC) via one of five ARTCCs
(equipped with store and forward capability) which relays these
messages “o the CFCCC from other ARTCCs. Flight movement
directives are transmitted from the ATCCC (Washington D.C.) to
the ATCCC (St. Luke's) in Jacksonville, Florida, via a dedicated
facsimile circuit. These directives are then transmitted from
ATCCC (St. Luke's) to the Center B switch (NATCOM) where they
are distributed to the appropriate ARTCCs via the Center B

network.

Each ARTCC has a facsimile printer for copying weather charts
from the National Meteorological Center (NMC). Transmission is

over a single dedicated voiceband telephone line.
Facsimilies of NOAA satellite pictures are transmitted to each
ARTCC via dedicated telephone facilities from Satellite Field

Service Stations (SFSS).

The WMSC provides Weather data and request/reply service to each
ARTCC via a dedicated 2400 bps circuit.

Near Term En Route Facilities

NADIN Enhancements will be introduced in the Near Term to
provide all flight plan and flight strip data transmission

9=-22




between ARTCCs and FDIO (Flight Data Input/Output) terminals
located at ARTS IIIA, ARTS II, ARTS II-like replacement for
TPX-42 and VFR Tower facilities, via NADIN. Flight plan and
handoff data between ARTCCs, and between ARTCCs and all ARTS
IITA and ARTS II computers will continue to be transmitted via
dedicated transmission facilities. The TPX-42 terminal
equipment will be replaced with ARTS II-like equipment in the !

Near Term.

All three teletypewriter networks (Area B, Utility B and Center
B), will be replaced with transmission and switching by NADIN in
the Near Term. Transmission facilities for the FAATC's NASNET
system will also be provided by NADIN in the Near Term.

For surveillance data, the CD-2 is introduced in the Near Term,
to replace the original CD. The CD-~2 provides completely

redundant paths from the Data Transmission Groups (DIGs) at the

surveillance site through the modems at each end, and the

redundant transmission facilities. The broadband radar service

will continue to be used for backup in the Near Term.

Weather radar data will continue to be transmitted from the NWS

weather radar sites via dedicated channels in the Near Term.

The facsimile service from NMC to a printer in each ARTCC will

remain the same in the Near Term as in the current system.

The Service A weather data and request/reply service from the : |
WMSC will be replaced with transmission and switching via NADIN ’

in the Near Term.
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Early in the Near Term time period, the five (5)
store-and-forward ARTCCs and the dedicated transmission
facilities from the other ARTCCs to these five ARTCCs will be
replaced with dedicated transmission facilities from each ARTCC
to the CFCCC for the transfer of flow movement data. Later
during the Near Term, a NADIN Enhancement will also provide
transmission and switching to replace the dedicated facilities
from the twenty (20) ARTCCs to the CFCCC for flow control data
transmission. Flow control directives from the ATCCC
(Washington D.C.) will also be transmitted to each of the ARTCCs
via NADIN in the Near Term.

NOAA satellite pictures from SFSSs will continue to be
transmitted to each of the ARTCCs via facsimile over dedicated

tranmission facilities.

Far Term En Route Facilities

NADIN Enhancements will be introduced in the Far Term to provide
all computer-to-computer transmission between ARTCC computers,
and between ARTCC computers and all ARTS IIIA and ARTS II TRACON
computers via NADIN facilities for active flight plan and
handoff data transfer. At some ARTS IIIA locations, TIDS will
replace the FDIO subsystem, introduced in the Near Term, and act
as a front-end processor for the ARTS IIIA processor in the Far
Term. NADIN will continue to provide the interface to FDIO

terminal equipment in all other facilities as in the Near Term.
The three teletypewriter networks (Area B, Utility B and Center

B) and the FAATC's NASNET, which were replaced with NADIN in the

Near Term, remain configured as i{n the Near Term.
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Weather charts provided from the NMC via a dedicated facsimile
circuit to each ARTCC will be replaced in the Far Term. These
weather charts will be provided by the WMSC/AWP to the CWSU at
the ARTCC via NADIN in the Far Term.

Weather radar data presently furnished by the NWS weather radar
sites will be replaced with weather radar data obtained from
NEXRAD. A 2400 bps (minimum) dedicated data channel will be
used for transmitting this weather data.

Following the introduction of the dual common digitizer (CD-2)
at en route surveillance sites, enhancements to the Direct
Access Radar Channel (DARC) equlpment at the ARTCC and the
availability of acceptable digital weather radar data, broadband
search and beacon data currently transmitted via the FAA-owned

RML system will be eliminated as backup in the Far Term.

Terminal Discrete Address Beacon Systems (DABS) will be
introduced at some ARTCC facilities in the Far Term.
Transmission from the DABS site to the en route ARTCC will be
via up to four (4) dedicated channels for surveillance data. Up
to three (3) communication channels will be provided from those
same DABS sites for transfer of ATARS messages between the ARTCC
and the DABS site.

Weather data and Request/Reply service provided by the WMSC to
the ARTCC will be provided by the consolidated WMSC/AWP in the

Far Term.

NOAA Satellite pictures will be transmitted by digital facsimile
to the ARTCCs via NADIN. Due to the high data transmission rate

9=-25
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required for digital facsimile, this requirement may impose a

severe technical requirement on the NADIN system.

Potential And Longer Range En Route Facilities

Several potential and longer range improvements are planned for
en route facilities. ARTCC to ARTS II site transmission will be
the same as in the Far Term time period with the exception of
the interface to the ARTS II computer which may be via the
Terminal Information Display Syateg (TIDS). TIDS may replace
the FDIO Subsystem and act as a front-end processor for the ARTS
II processor. Transmission from ARTCC to VFR Towers associated
with ARTS IIIA TRACONs will also be via the TIDS system.

The Discrete Address Beacon System (DABS) will be introduced in
en route surveillance sites following the en route ATC computer

replacement. Transmission from the en route DABS site to the
ARTCC will be via up to four (4) dedicated 4800 bps channels.

Data link communications between surveillance sites and ARTCCs
will also be introduced as a potential and longer range en route
facility improvement. Up to three (3) dedicated 4800 bps
channels will be provided between the DABS processor and a

front~end processor at the ARTCC.

Data communications are planned between Maintenance Processor
Systems (MPS) which will be introduced in the Near and Far Term
time periods. These communications are not fully defined at
this time. However, NADIN i3 expected to carry this traffic in

the future.
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9.1.1.2 TRACON/Tower Facilities Improvements

The TRACON/Tower, or terminal, data communications are comprised
of the following services; TRACON to ARTCC, TRACON to TRACON,
surveillance sites to TRACON, automated TRACON to towers and
ARTCC data to FDEP equipment in TRACONS. Some basic assumptions
which were used in describing the terminal data communications
are listed in Table 9-3. The descriptions of data
communications facilities used during the three periods of
interest, Current, Near Term and Far Term, are contained in

Table 9-4. An illustration of the configuration for each of the
three time periods is shown in Figures 9-4, 9-5, and 9-6.

Clarifying information is included in the next three
subparagraphs.

Current TRACON/Tower Facilities

The ARTCC to TRACON data transfer is described in Section
9.1.1.1, En Route Facilities Improvements, for both

computer—to-computer data transfer, as well as low-speed flight

strip data transfer over FDEP circuits.

TRACON to TRACON data transfer is provided over some
transmission paths by what is known as “tower en route”

control. Data is relayed through one or more en route
computers. No additional transmission lines are required as the

normal ARTS III to ARTCC and ARTCC to ARTCC channels are used

for tower en route control.

Survelillance and beacon data are transmitted as broadband data
to each type of TRACON (ARTS III, ARTS II and TPX-~42).
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1.

2.

7.

10.

11.

12.

TABLE 9-3
ASSUMPTIONS FOR TRACON/TOWER FACILITIES DATA COMMUNICATIONS

Tower en route operation will continue to occur between adjacent
terminals operating under the same or adjacent centers.

DABS will be implemented at ARTS IIIA and ARTS II sites in the
Far Term.

ARTS IIIA and ARTS II TRACONs will receive digitized
surveillance data from terminal surveillance sites (DABS) in the
Far Term.

Transfer of digitized surveillance data to an ARTS IIIA TRACON
in the Far Term will be via four 4800 bps lines.

Broadband surveillance data will not be used when digitized
surveillance data is available.

The ARTS IIIA and ARTS II TRACONs, which utilize digitized
survelillance data, will have digital displays or will use video
reconstitutors with time shared analog/digital displays.

In the Far Term, ARTS IIIA towers will have Tower Cab Digital
Displays (TCDDs).

In the Far Term, DABS data link capability will be available at
ARTS ITTA and ARTS II sites equipped with DABS.

Three 4800 bps channels will be provided from a terminal
surveillance site to ARTS IIIA and ARTS II sites for data link.

No redundancy will be provided for the data channels from
surveillance sites to terminals.

All TRACONs (ARTS IIIA, ARTS II and TPX-42) may have satellite
towers.

Digitized weather radar (NEXRAD) will be provided in the Far
Term for ARTS IIIA only.
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Data for BRITE displays at towers are transmitted from each of
the three different types of TRACONs (ARTS IIT, ARTS II and
TPX~42) as broadband data.

VOR/VORTAC status information is transmitted to the tower
facilities over dedicated transmission facilities.

Near Term TRACON/TOWER Facilitles

The ARTCC to TRACON data transfer 1s described in Section

9.1.1.1, En Route Facilities Improvements.

TRACON to TRACON data transfer will continue to be provided over
some transmission paths by "tower en route” control in the Near

Term.

Surveillance and beacon data continue to be transmitted to ARTS
IIIA and ARTS II sites as broadband data.

Towers associated with ARTS IIIA TRACONs will be equipped with
the Tower Cab Digital Displays (TCDD) in the Near Term. A
dedicated 2400 bps circuit will be used to transfer display data
from an ARTS IITIA TRACON to these towers. ARTS I1 towers will
continue to use BRITE displays. Broadband data will be
transmitted to the BRITE displays from the ARTS II sites.

BCAS desensitization and controller advisory messages will be
transmitted over a 2400 bps dedicated channel from ARTS IIIA

sites to RBX sites in the Near Term.

Flow control directives from the ATCCC (Washington D.C.) will be
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transmitted to DTEs in the 20 ARTCCs and 17 high activity ATCTs
via NADIN in the Near Term.

Far Term TRACON/TOWER Facilities

Data trnsmission between ARTCCs and TRACONs is described in

Section 9.1.1.1, En Route Facilities Improvements.

TRACON to TRACON data transfer, including concentration and
switching, will be provided along some routes by "tower en
route” control. Concentration and switching are provided by
NADIN in the Far Term. However, the NADIN interface to ARTS
IIIA terminals in Far Term will be via TIDS.

Terminal DABS will be introduced in the Far Term at ARTS IIIA
and ARTS II sites. Digitized surveillance and beacon data will
be transmitted from the DABS surveillance sites to the ARTS IIIA
and ARTS II sites via up to four dedicated 4800 bps circuits.
Ad jacent terminal DABS sites will also be interconnected in the
Far Term via a dedicated transmission facility for the
interchange of ATARS multi-site coordination messages and data

link failure messages.

Data link service, including ATARS, will be provided from the
terminal DABS processor to the ARTS IIIA and ARTS II
processors. Up to three (3) dedicated 4800 bps channels are

used for transmission of data link communications data.
In the Far Term, towers associated with an ARTS IIIA site will

receive not only digital aircraft surveillance data, but also

digital weather radar data via a dedicated 2400 bps channel.
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Towers associated with ARTS II and TPX-42 replacement facilities
continue to use BRITE displays in the Far Term. Broadband data
will be transmitted to the BRITE displays.

BCAS desensitization and controller advisory messages will
continue to be sent from ARTS IIIA sites to RBX sites, as in the

Near Term.

NEXRAD weather radar data are provided to the ARTS IIIA TRACONs
over a dedicated 2400 bps data channel in the Far Term.

Dedicated channels are provided from JAWOS sites to TRACONs and

towers for the transmission of local weather data.

Potential and Longer Range Terminal Facilities

Tower cab digital displays (TCDD) may be introduced at towers
asgociated with ARTS II TRACON sites in the 1990s. A dedicated
2400 bps channel will be used to transmit tower display data to
the TCDD from the ARTS LI TRACON. Another dedicated 2400 bps

channel will be used to transmit weather radar data to the TCDDs.

8.1.1.3 ATCCC Improvements

The Alr Traffic Control Command Center (ATCCC), (Reference 9-1),
dat. ommunications are comprised primarily of the following
services: ARTCC to Central Flow Control Computer Complex
(CFCCC), CFCCC to ATCCC (Washington D.C.), ATCCC (Washington
D.C.) to ATCCC (St. Luke's, Jacksonville, Florida), ATCCC (St.
Luke's) to ARTCC and NWS to ATCCC. Some basic assumptions which

wvere used in describing the ATCCC data communications are listed
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in Table 9-5. Descriptions of the data communications
facilities for the three periods of interest, Current, Near Term

and Far Term are contained in Table 9-6.

Illustrations of the configurations for the Current and Near
Term time periods are shown in Figures 9-7 and 9-8. Changes in
the ATCCC configuration for the Far Term have not been defined.
Clarifying information is contained in the following three

subparagraphs.

Current ATCCC Facilities

Flow control flight movement information is provided to the
CFCCC through five selected ARTCCs with store and forward
capability. A dedicated 2400 bps channel is provided from each
of the five ARTCCs to the CFCCC. Flow control data from the
remaining 15 ARTCCs are transmitted to these five ARTCCs, using
the normal ARTCC-ARTCC data channels. This flow control data is
then relayed to the CFCCC.

Flow control flight movement data is provided to the ATCCC
(Washington D.C.) from the CFCCC via two dedicated 4800 bps

channels. The ATCCC located in Washington D.C. transmits flight
movement directives to the ATCCC located in the St. Luke's
facility in Jacksonville, Florida, via facsimile. This flow
control information is then transmitted from ATCCC (St. Luke's)
to the AFTN/Center B switch at NATCOM over the AFTN network.

The Center B network is then used to transfer flow centrol

information to each of the ARTCCs. Flow control information to

FSSs is sent via the Area B network.
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TABLE 9-5
ASSUMPTIONS FOR ATCCC FACILITY DATA COMMUNICATIONS

The current transfer of flow control information from the ATCCC
(Washington, D. C.) to ARTCCs accomplished by Center B and AFTN
will be replaced by NADIN in the Near Term.

The current CFCCC interface with the ATCCC (Washington, D.C.)
over two dedicated 4800 bps lines will be replaced by NADIN in
the Near Term.

Emergency Operating Facilities in Martinsburg, West Virginia and
at the Atlanta ARTCC will serve as backup to the ATCCC
(Washington, D.C.). These facilities will not be fully
operational until the Near Term.
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ar

Weather data from NWS (WX radar, WX charts, satellite maps, WX
forecasts and high winds forecasts) are transmitted over
dedjcated facsimile lines and a high speed teletypewriter
cfrcuit. Radar data from 37 weather radar sites can be accessed
via 3 dial-up lines to facsimile equipment in the ATCCC
(Washington D.C.)

Near Term ATCCC Facilities

The transmission of flight movement directives between the ATCCC
(Washington D.C.) and ARTCCs by facsimile circuits and the
Center B teletypewriter network in the current system is
replaced by NADIN. The ATCCC (Washington D.C.) is connected
directly to the ATCCC (St. Luke's) facility by two (2) dedicated
4800 bps lines. The ATCCC (St. Luke's) facility is connected to
a NADIN concentrator, whereby access to all ARTCCs is obtained.

Flow control flight movement data from each ARTCC is sent to the
CFCCC through NADIN. Transfer of flow control data from CFCCC
to the ATCCC (Washington D.C.) is via the NADIN switch without
going through concentrators. Flow control data will divide
between the two NADIN switches.

Emergency Operating Facilities (EOF) in Atlanta, Ga. and
Martinsburg, W. Va. will be established in the Near Term time
period as backup facilities for the ATCCC (Washington D.C.)
facility. Each of these EOFs will be connected to the ATCCC
(St. Luke's) facility with dedicated 4800 bps lines for transfer
of flight control directives to ARTCCs and FSSs via NADIN.

The weather radar, weather charts, and satellite maps will
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continue to be sent from NWS to the ATCCC (Washington D.C.) as
in the current system. However, weather observations and
forecasts from WMSC will be transferred from the WMSC to the
ATCCC (Washington D.C.) facility via NADIN.

Far Term ATCCC Facilities

ATCCC data transmission in the Far Term will be the same as in

the Near Term.

9.1.1.4 Flight Service Facility Improvements

Flight Service Facilities data communications are primarily
involved in the accumulation and organization of a weather data
base, interactive communications with user terminals and the
filing of flight plans and transmission of various
administrative messages. Some basic assumptions used in
describing the Flight Service data communications'are listed in
Table 9-7. Descriptions of the data communications facilities
used for the three periods of interest, Current, Near Term and
Far Term are provided in Table 9-8. Illustrations of the
connectivity required in each time period are shown in Figures
9-9, 9-10 and 9-11, respectively. A discussion of each of these
time periods is included in the following éubparagraphs.

Current Flight Service Facilities

In the current Flight Service environment, pilots generally
request weather and flight planning information over the counter
at a FSS, or by telephone, or via a Service A terminal located

at a remote site, e.g., airline office, fixed base operation,
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TABLE 9-7

ASSUMPTIONS FOR FLIGHT SERVICE FACILITIES
DATA COMMUNICATIONS

Initial NADIN will replace the Area B, Center B, NASNET, AFTN and
Utility B networks and provide data transmission capability for
their subscribers. In addition, NADIN will interface with the
WMSC, NWS network, ATCCC (Interim) and Service A (Req/Reply)
Network for ARTCCs.

NADIN 1A provides data communications for the FDIO subsystem, the
Service A (Req/Reply) Network for AFSSs, the AWP to FSDPS portion
of the Model II FSS automation program, and the NFDC/IS
(Interim), in addition to the requirements of Initial NADIN.

NADIN Enhancements —— In addition to the data communications
requirements of Initial NADIN and NADIN 1A, NADIN Enhancements
provide data communications for <Computer B network, and
interfaces with the NFDC/IS (Final), ATCCC (Final)/CFCCC, RMMS
(MPS-MPS), Data Link, and other DOT data communications networks.

MAPS and AWANS will be phased out by the Model II FS Automation
Program in the Near Term.

Model I FS Automation Program does not utilize NADIN.

The AWP will be consolidated with the WMSC functions in the Far
Term.
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etc. Once flight plans are prepared, they are filed into the
ARTCC (IFR flights) or to the destination FSS (VFR flights)
through the Area B network.

In the Current systems, Figure 9-9, the Weather Message
Switching Center (WMSC) collects weather data from FSSs, from
the Naticnal Weather Service — National Meteorological Center,
(MMC), from Weather Service Forecast Offices (WSFO), from the
Air Force Digital Weather System (ADWS), and from other
collection points. These data are organized by the WMSC and
transmitted to all FSSs over the Service A teletypewriter
network. These data are maintained in the FSSs on clipboards

and are referred to in pilot briefings by the FSS specialist.

Digitized 2D weather data from NWS weather radars and en route
surveillance sites are transmitted to some FSSs over dedicated

2400 bps lines. Military weather data will be transferred from
the Air Force Digital Weather Service (Carswell AFB) to the WMSC
via dedicated 1200 bps lines.

Weather maps from NWS (NMC) are obtained at FSSs via dedicated
facsimile circuits tailored to the needs of their specialized

function. NOAA satellite pictures are also transmitted to the
FSSs via facsimile circuits.

VORTAC/NDB status information is transmitted to FSSs over
dedicated lines in the Current time period.

Access to the NOTAM data base at NATCOM in Kansas City is via
dedicated 1200 bps leased lines from NFDC (Washington D.C.)

terminals. The NOTAM data base i3 stored on two computer
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systems. Domestic NOTAMs are stored in the WMSC computer system
and international NOTAMs are stored in the AFIN computer

system. Domestic NOTAMs are issued by FSSs and are transmitted
to the WMSC data base via the Service A network. The NFDC
(Washington D.C.) also issues domestic NOTAMs concerning
unpublished regulatory information. These are transmitted to
the WMSC data base via dedicated leased lines.

International NOTAMs will be received over the AFTN network from
foreign nations at the AFTN data base in Kansas City. U.S.
International NOTAMs will be transmitted by the NFDC to the AFIN

data base via dedicated leased lines.

Near Term Flight Service Facilities

The Near Term will see the initiation of the Flight Service
Automation System (FSAS) program (References 9-8, 9-9, and
9-10), Figure 9-10. In this period, the Model I FSS functions
will be automated with the introduction of 14 Flight Service
Data Processing Systems (FSDPS), located at selected ARTCCs, and
41 Automatic Flight Service Stations (AFSS) located at existing
level III facilities while the manual FSSs will continue to

operate at the remaining locations.

Later in the Near Term, Model II FSAS will be introduced. Six
(6) additional FSDPSs will be installed at the remaining ARTCC
locations. The number of AFSSs will be increased to 56 with 43
of these being located at existing FSS locations. Two Aviation
Weather Processors (AWP) will be installed to provide

centralized weather data base maintenance.
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Interactive access to weather data base for weather briefings
and filing of flight plans will be provided to the FSDPS via
dedicated lines from Direct User Access Terminals (DUAT).
During this time period, NADIN will take over the transmission
functions of the Service A and Area B Networks in accumulating
weather data and filing flight plans.

Weather radar data will continue to be transmitted from NWS
weather radar or en route surveillance sites to FSS8 as in the
Current time period. However, weather radar data to AFSSs will
be transmitted over dedicated 2400 bps lines via the FSDPS in
the Near Term.

Weather maps from NWS (NMC) will continue to be obtained via
dedicated facsimile circuits at FSSs and AFSSs. During the
Model II phase of the FSAS program these dedicated facsimile
circuits to the AFSSs will be replaced. The NMC will then
transmit digital weather map data directly to the AWP, then it
will be forwarded to the FSDPS via NADIN to be stored in its
data base for later use by the AFSSs.

NOTAMs and Airmen's Information will be transmitted between NFDC

(Washington D. C.) terminals and the newly established Interim
Consolidated NOTAM System (CNS) via NADIN 1A.

In the Near Term time period, the WMSC to NWS (NMC) weather data
transfer via the Service A network will be replaced by NADIN.
The Service A Multi-point circuits which interconnect the WSFOs
to the WMSC will be replaced by the AFOS network in the Near
Term. The WSFOs will transmit local weather data to the NMC
over this AFOS network. The NMC will then transmit this data to
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the WMSC via NADIN.

International NOTAM information will be transmitted between NFDC
and the International AFTN gwitch via NADIN in the Near Term
replacing the dedicated lines used in the Current time period.

NOAA satellite pictures will continue to be trasmitted via
dedicated facsimile circuits from SFSS to both FSSs and AFSSs.

Far Term Flight Service Facilities

In the Far Term the weather data base functions of the WMSC and
Aviation Weather Processor (AWP) will be consolidated into the
AWP facility. Three additional FSDPSs will be installed at San
Juan, Honolulu and Anchorage along with 5 additional AFSSs.
Weather observations will continue to be made by other FAA
personnel (e.g. tower personnel), contracted personnel, NWS
personnel or automated equipment at FSS facilities. Data

communications for these system elements will be provided by
NADIN.

Pilot access to the FSDPS in the Far Term will be through the

use of dial-up access terminals as in the Near Term.

In the Far Term, a permanent CNS wili be set up at the NADIN
switch location in Atlanta for NOTAM and Airmen's Information

collection and distribution. Message transfer between NFDC
terminals and the permanent CNS will be via NADIN.

NOAA gsatellite pictures will be transmitted over dedicated lines
to the WMSC/AWP and then via NADIN to the FSDPS for later
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distribution to the associated AFSSs. Due to the high data rate
required for digital facsimile, this may result in a technical
problem for NADIN.

NOTAMs and Airmen's Information will be transmitted from the
NFDC (Washington D.C.) terminals to the Permanent ' Consolidated
NOTAM System in Atlanta via NADIN for both NOTAM and Airmen's
Information collection and distribution in the Far Term.

9.1.2 Data Communications Networks

The current FAA data communications capability is characterized
by the use of a number of separate independent networks.

Efforts are currently underway to combine these separate
capabilities into a single network, the National Airspace Data
Interchange Network (NADIN), which will meet the varied needs of
present FAA operations and provide capacity for growth to
accommodate future requirements as they develop. This section
will describe the current networks, the NADIN concept and how

NADIN will meet the FAA needs for data communications.

9.1.2.1 Current Data Communications Network

Current FAA data communications are illustrated in Figure 9-12.
Each network (Area B, Center B, NASNET, Service A, AFIN, etc.)
1s shown together with the primary facilities served and the
element which controls it. Although most of the networks are
teletypewriter networks, there is, in general, no automatic

interconnection between them. The principal characteristics of
these networks are listed below.
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Area B and Supplemental B Circuits

The Area B network is generally used for exchanging flight
planning information and various types of administrative
messages. The network consists of five (5) medium speed
circuits to other computers (e.g. AFIN, MAPS, AWANS) and 50
multipoint circuits terminating over 300 terminals located at
FSSs, ARTCCs and other FAA facilities. All terminals are Model
28 series teletypewriters or compatible equipments. Control of
each circult as well as exchange of traffic between circuits is
i performed by the Automated Service B Data Interchange System
(ABDIS) located at Kansas City, Missouri.

Supplemental B circuits are provided to relieve the high traffic
load at certain high density Area B terminations. In general,
the terminal equipments are Model 28 send/receive

teletypewriters.

Center B

The Center B network interconnects the 20 ARTCCs within the
conterminous U.S., and is used for the interchange of flight

s movement information. The network consists of nine circuits
interconnecting the ARTCCs. All terminals are Model 28

teletypewriter equipment. Control of the circuits and
interchange of traffic between them is handled by the AFTN

switch at NATCOM in Kansas City, Missouri.

NASNET

Another teletypewriter network is the NASNET which interconnects
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the automated ARTCCs, selected ARTS III sites, all regional
offices and FAA Headquarters with the FAA Technical Center.
This network is used for the exchange of information pertinent
to the operations of the en route automation computers. The
network consists of two multipoint circuits and a controller

located at NATCOM in Kansas City, Missouri.

Service A

The Service A network interconnects teletypewriters and some
medium speed (1200 or 2400 bps) terminals at facilities which
collect or use weather data. The network is specialized in that
it handles primarily weather data. Weather observations and
related messages are prepared at FSSs on punched paper tape and
are inserted in the teletypewriter's tape reader. The Weather
Message Switching Center (WMSC) polls these stations and
collects their reports. The WMSC then organizes this weather
data and distributes it to user locations. Some users, such as
the ARTCCs, anave Request/Reply (R/R) service which allows them

to obtain specific weather information on request.

AFTN

The Aeronautical Fixed Telecommunications Network (AFTN)
provides for the exchange of international flight movement
information, administrative messages, and meteorological data
between locations in the U.S. and in the International Civil
Aviation Organization (ICAQO) member nations. The terminals are
Model 28 teletypewriter equipment, but they use a code which is
slightly different than that used commonly in the United States.
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While che AFTN is international, the United States operates a
switching center at Kansas City (NATCOM). The AFTN switch at
NATCOM is a major one providing the interconnection between some
110 circuits to points in the conterminous U.S., San Juan,
Honolulu, Anchorage, Balboa and other foreign countries.

Utility B

Utility B circuits are a combination of the circuits previously
known ag Military B and Carrier B. They are used for filing
flight plans for general coordination between the centers and
the principal users. The terminals are Model 28 teletypewriter
equipment. Control of the Utility B circuits is done by the
Automatic Polling Unit Low Speed (APULS) equipment. -

FDEP

FDEP circuits terminated at each center provide for the entry of
flight plans and the distribution of flight strips to TRACONs
and Towers within the center's area of coverage. The terminals
operate in a mode and at a rate similar to teletypewriters,
however, the code is the EBCDIC code used in the en route
automation processors. Control of these circuits is provided by

the en route automation processors.

NAS to NAS

Medium speed circuits are used between adjacent ARTCCs and
between ARTCCs and TRACONs for the exchange of data between
computers. These circuits operate at 2400 bits per second, full

duplex, and utilize the EBCDIC code of the en route automation
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computers.
Radar

Beacon and surveillance data are transmitted from the remote
radar sites to the ARTCC NAS 9020 computers via 2400 bps data

channels. Beacon and surveillance radar display data are
transmitted to the TRACONs and Tower "BRITE" displays on video

bandwidth channels via Radar Microwave Links (RML), or coaxial
cables.

9.1.2.2 National Airspace Data Interchange Network (NADIN)

The National Airspace Data Interchange Network (NADIN) will
provide data communications service to all users. Thus, it will
provide the capability for message exchange between users who
are presentliy terminated on separate networks. Users such as
the FSSs and the ARTCCs, which presently have several terminals
because they require access to several different networks, will
be able to consolidate their operations, assigning terminals for
operator convenience rather than network compatibility. The
NADIN will provide code, speed, and format conversion necessary
to make the unlike terminal equipments compatible. Introduction
of the NADIN will provide the following iﬁprovements for the

data communications users:

1. Unlike the present system which consists of a number
of independent networks, NADIN will allow any user to

communicate with any other user.
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2. The number of terminals at some locations may be

reduced.

3. By providing automatic codes, speed and format
conversion, traffic may be exchanged among existing

terminals which are now incompatible.

4. The number of terminals on a multipoint circuit will
be reduced, thereby reducing the waiting time to use the

circuit.

5. By concentration, the long haul circuits will be used
much more efficiently, thereby reducing the system

operating costs.

6. Use of error detection and correction techniques on

trunks will eliminate most transmission errors.

7. The system will maintain a record of all traffic
handled. This may be used to trace messages, to analyze

traffic load patterns, and provide a basis for identifying

requirements for future growth.

8. The system will maintain a copy of all accountable
message traffic in classes that might be required for

future retrieval.

9. The system will provide the means for substituting
faster or more sophisticated terminals as the need for such

terminals develops.
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10. NADIN will monitor each terminal, will detect failures

in some terminals and alert user to failure, where possible.

NADIN Network

NADIN will operate in a network as illustrated in Figure 9-13.
The network will include two message switching centers: one
located at Atlanta, Georgia, the other at Salt Lake City, Utah,
and 23 concentrators, one located with each ARTCC, including
Anchorage, Honolulu and San Juan. The message switches will
accept messages from originating stations, store them and
transmit them to destination stations in sequence by age and
priority. The concentratorg will provide code and speed
compatibility required for the variety of terminal devices and
will concentrate all user traffic to efficiently use trunk
facilities to the message switch. The functional relationship
between the concentrators and message switches is shown in
Figure 9-14.

NADIN Program Plan

The NADIN implementation has been divided into three phases,
referred to as NADIN, NADIN 1A, and NADIN Enhancements. In each
level certain classes of traffic will be transferred into the
NADIN network. In general, these categories of traffic, and the
terminals of origination and termination are identified by the
network which presently handles them. Where new categories of
traffic are to be absorbed by NADIN, they are fdentified by
indicating the destinations served. The NADIN levels and the

categories of traffic for each are indicated in Table 9-9.

9~76




SNOILVUNDIINOD NIQVN TVILINI
€4-6 3UNOIL

YOLVYINIADNOD Ol HOLIMS
HOLIMS OL HOLIMS

YOLVIINIONOD
YIAINZD ONIHOLIMS

v

O

0'IN'TONOH

A

r'd

9-77

Ce e 1,!3.#%
S R - V ; 2




MESSAGE SWITCH

CHECK FORMAT
REJECT TO ORIGINATOR
ROUTE TO INTERCEPT POSITION
DETERMINE ROUTING
FORM MESSAGE QUEUES
FORM JOURNAL
FORM MESSAGE FILE
DETECT FAILURES
AUTOMATICALLY RECONFIGURE
AUTOMATICALLY RESTART
DETECT SYSTEM FAILURES
AUTOMATICALLY DIAL UP TRUNKS
ACCEPT DIAL IN CONNECTIONS
RELOAD CONCENTRATORS
PERFORM TRUNK PROTOCOL
INTERFACE HIGH LEVEL USERS

TO OTHER MESSAGE SWITCH

DIAL UP - DIAL IN

TO OTHER CONCENTRATORS

TO HIGH LEVEL USERS

CONCENTRATOR

PERFORM TRUNK PROTOCOL

CONCENTRATE AND DISTRIBUTE TRAFFIC
ACCEPT DIAL IN CONNECTIONS

ACCEPT RELOAD

PERFORM CODE/FORMAT CONVERSION
POLL MULTIPOINT TERMINALS
INTERFACE VARIOUS TERMINAL TYPES
PERFORM VARIOUS PROTOCOLS

OPERATE UNATTENDED

CONC. TO CONC. SWITCHING

TO OTHER

1

USER TERMINAL LINES

FIGURE 9-14
NADIN SUBSYSTEM FUNCTIONS
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TABLE 9-9

TRAFFIC HANDLED BY NADIN

TRAFFIC CATEGORY

Area B*

Center B¥*

NASNET*

AFTN*

Utility B*

Service A Req/Reply (ARTCC)

WMSC Interface*

NWS Interface*

ATCCC (Interim)*

Canadian AFTN*

ARINC Data Network Interface*
NFDC/1IS (Interim)*

FS Automation System (Model II)*
FDIO*

Service A Req/Reply (AFSS)
NFDC/1S (Final)*

Advanced Flow Control (ATCCC (Final)/CFCCC)
Computer B Center to Center
Computer B Center to Terminal
Modernized Weather Service (Req/Reply)
RMMS (MPS to MPS)

9020 Replacement

DABS/Data Link

DOT Data Comm. Networks

*Approved for Implementation by FAA
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The basic switching capabilities of NADIN are improved and
expanded 1n each phase of the NADIN program. These basic
switching capabilities are outlined below:

Initial NADIN a. Concentrator to concentrator switching
via the NADIN switch.

b. Concentrator to NADIN switch

transmission rate - 4800 bps.

NADIN 1A a. Concentrator to concentrator switching
via the NADIN switch.

b. Internal switching within concentrator
provided, if NADIN is not accountable for
journaling, e.g., FDIO system.

c. Concentrator to NADIN switch

transmission rate increased to 9600 bps.
NADIN Enhancements
a. Same as NADIN 1A capability
b. Additional concentrator to concentrator
switching provided - method of
implementation is not defined.
Both NADIN and NADIN 1A will be implemented during the Near Term

period. NADIN Enhancements will be initiated during the Near
Term, but will be implemented throughout the Far Term time
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period. Data communications as of the end of the Near Term
period will be as shown in Figure 9-15. It should be noted that
during this period the Model 1 FSAS program will be

implemented. Under this program, data communications to and
from the Automated Flight Service Stations (AFSSs) will be
routed through FSDPS. NADIN will not be used by the Model 1
FSAS. The Model 2 FSAS will provide further automation through
incorporation of the Aviation Weather Processor (AWP), further
refinement of the FSDPS, and a gradual phase out of the
non~automated FSSs. The Direct User Access Terminal (DVAT)

System will also be introduced in the Near Term.

Data communications in the Far Term will be as shown in Figure
9-16. During this period, further automation of the FSS
environment occurs and the WMSC will be merged into the AWP.
DABS will be introduced in the terminal environment. NEXRAD
will also be introduced during the Far Term.

During the Far Term time period, it is assumed that all
survelillance data will be transmitted in digital form from both
en route and terminal surveillance sites over conventional voice
bandwidth circuits. Broadband video surveillance information
transmitted via coaxial cable or microwave facilities in the
Near Term will either be replaced with new surveillance
equipment (DABS, ARSR~9, etc.) or eliminated as backup equipment
for existing digital surveillance facilities.

9.1.3 Tentative Data Communications Implementation Schedule

Current planning is to implement NADIN following the schedule
shown in Figure 9-17.
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9.1.4 Data Communications Facilities Interface Planning Summary

In the preparation of this chapter it was necessary to make, or
accept, a number of assumptions as to what improvements would be
implemented, when they would be implemented, how they would
function in a particular facility, and how they would interact
with other facilities. This section identifies assumptions and

areas of uncertainty by what are called "System Integration

Issues.”

The Integration Issue cited below was identified during the
preparation of this document and was reviewed with the
appropriate FAA program managers. Follow-up on this issue was
undertaken by a joint System Research and Development Service
and Airway Facilities Service group. The issue and assumptions
stated below are consistent with the issuz descriptions still
under consideration by this group in early December 1980. The
reader 1s cautioned to check for recent changes in the status of

this issue before forming any final conclusions.

The integration issue assumption pertinent to Data

Communications Facilities is:

Issue 905: NADIN Interface With TIDS and ARTS

ARD-200 will provide NADIN interface requirements for TIDS
and ARTS III to ARD-100 to insure that the TIDS/ARTS III
terminal system has an appropriate front-end processor and

can accept the NADIN addressing scheme.
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9.2 Voice Communications

This section describes the communications facilities that
provide both air/ground and ground/ground voice communications
for FAA ATC facilities operating in CONUS. Afir/ground
communications facilities provide voice communications between
FAA operated ATC facilities and aircraft. Ground/ground
communications facilities provide voice communications between
FAA operated ATC facilities (and some non-FAA operated user
locations, such as military base operations offices and airline
dispatch offices), and among FAA personnel within an ATC
facility. This description emphasizes those communications
facilities directly related to the provision of ATC services.
Administrative communications such as those provided by the

Federal Telecommunications System (FTS) are not addressed.

Air/ground Communications Facilities provide connectivity
between aircraft and the en route and terminal air traffic
controllers through whose sectors the aircrafts fly. Other
air/ground facilities provide connectivity between aircraft and
Flight Service Station (FSS) specialists who maintain radio
contact with the pilot for the communication of flight plan,
weather, NOTAM, PIREP, NAVAID status and other en route advisory
information. In addition, there are continuous scheduled and

unscheduled air/ground broadcasts.

The ground/ground Communications Facilities provide connectivity
among the en route centers, terminal facilities, flight service
facilities and other non-FAA operated facilities such as
military base operations offices and airline dispatch offices.

The ground/ground voice communications system also provides
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intra-facility connectivity between controllers (specialists)
and their supervisory personnel. In addition, the ground/ground
system provides pilots (on-the-ground) with access to

controllers (specialists) and voice~recorded information.

9.2.1 Voice Communications Improvements Summary

Various improvements in the FAA voice communications facilities
are in the planning or implementation stages. This section
identifies major functional areas and the improvements planned
for each of these areas. These improvements are briefly
described for each of the major FAA environments (En Route,
Terminal and FSS) in each of the time periods (Current, Near

Term and Far Term) referenced throughout this document.

9.2.1.1 En Route Improvements

A summary of the basic voice communications functions and the
proposed improvements in voice communicatfons facilities and
equipment for the en route environment is shown in Table 9-10.
This table briefly outlines the en route air/ground (A/G) and
ground/ground (G/G) voice communications facilities and
equipment in the current time period, and the improvements which
are planned for implementation in the Near Term and Far Term
time periods which support these basic voice communications

functions.

Air/ground communications between en route controllers and
aircraft are accomplished through FAA-owned radio control
systems at ARTCCs, Remote Center Air-Ground (RCAG) sites with

VHF/UHF transmitters/receivers and antennas, and the associated
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lines and signaling, monitoring, reconfiguration and trunk

restoral subsystems.

Until recently, RCAG; have exclusively used vacuum tube
transmitters and receivers. A solid-state transmitter/receiver
modernization program is nearly complete to replace the old
vacuum tube transmitters and receivers with solid state

equipment in all RCAGs.

Another improvement in A/G communications facilities in the en
route environment is the implementation of the next generation
UHF/VHF antennas. Requirements for increased A/G channel
assignment with narrower bandwidth (25 KHz) and the use of lower
transmitter power (10 watts instead of 50 watts) has led to the
establishment of new FAA antenna standards (Reference 9-12).
These new standards incorporate state-of-the—art antennas which
are radomed and stacked, in some cases. The current antenna
replacement program is ongoing and will continue through the

Near Term time period.

The FAA-owned voice frequency signaling and control equipment
which is currently operational at the ARTCCs and associated
RCAGs has proven to be costly to maintain due to its obsolete
technology. According to current plans, the Voice Switching and
Control System (VSCS) (Reference 9-13) will replace this voice
frequency signaling and control equipment with solid state
equipment. This improvement is scheduled for implementation
beginning in the Near Term with completion in the Far Term time
period. Although VSCS concepts are being finalized at this
time, one of the concepts incorporates inband digital signaling

for the transmission of control signals and out-of-band
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signaling for the transmission of status and monitored data
(including remote certification data) to replace the present
voice frequency signaling and control equipment.. VSCS will also
provide automatic reconfiguration and trunk restoral capability
as a replacement for similar manual capabilities. The
introduction of VSCS with inband signaling in the Near Term time
period will also eliminate the requirement for 1142 conditioned
transmission facilities between the ARTCC and the associated
RCAGs. A significant annual savings in the cost of transmission
facilities will be achieved through the use of unconditioned
transmission facilities. Radio position equipment for
controllers at en route ARTCCs will be provided in the Far Term
and will not be part of the initial voice frequency and control
equipment replacement program of VSCS.

Another en route improvement in the Near Term is in the area of
remote maintenance monitoring. Currently, monitoring,
reconfiguration and trunk restoral functions for air/ground
communications are done manually in most facilities. However,
some facilities have a monitoring/automatic trunk restoral
system called the Line Automatic Sensing and Switching (LASS)
system. This system was found to be too expensive for
widespreaé use by the FAA and is currently being removed from
the facilities that it services. The monitoring function will
be enhanced in the Near Term by the implementation of the Remote
Maintenance Monitoring System (RMMS) at sterile RCAGs, 1.e.,
RCAGs not colocated with other FAA electronic facilities. Other
RCAGs will be implemented in the Far Term. The RMMS consists of
a Maintenance Processor System (MPS) located at the ARTCC or
Alrvay Facilities Sector Office and Remote Monitoring Systems

(RMS) located at remote radio sites. This system is part of an
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overall program for remote maintenance and monitoring of RCAGs,
surveillance sites, and VORTACs. The RCAG-Remote Monitoring
System (RMS) in conjunction with MPS will provide automatic
monitoring of operational equipment, environmental conditions
and alarms for the en route environment. Remote certification,
record keeping, trend analysis and data base capability will

also be provided.

Although RCAGs provide the primary alr-ground communications
outlets for the ARTCCs, the FAA currently utilizes the BUEC
(Back-Up Emergency Communications) system as a backup to the
RCAG sites. Many BUEC transceivers are located at en route
radar sites. ARTCC-BUEC site connectivity is accomplished by
Radar Microwave Links (RML) and dedicated leased telephone
facilities. In the Near Term, the BUEC system will be modified
to provide BUEC priority indications to the controllers. These
indicators at the positlon console identify the availability of
specific BUEC sites which may be used to provide back-up
frequencies to a controller at a particular sector. BUEC will

also interface with the VSCS during the Near Term time period.

The en route ground-ground voice communications system consists
of the networks that connect the en route center to other FAA
facilities, the internal ARTCC intercom communications system
connecting controller to controller and to supervisor, the
switching/signaling systems, and systems conducting monitoring,
reconfiguration and trunk restoral functions. The set of
dedicated circuits that currently connect the en route centers
to other FAA facilities is generally referred to as the Service
F interphone network. This private network provides the
connectivity between any ARTCC facility and other FAA facilities
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in the conterminous U.S. It also provides connectivity between
an ARTCC facility and other non-FAA facilities such as military

base operations offices and airline dispatch offices.

The ground/ground voice switching and signaling functions
currently performed at en route centers are provided by the WECO
300 Key System. This is electromechanical type equipment leased
from AT&T. The monitoring, reconfiguration and trunk restoral
functions are currently performed manuvally from patch panels by
cross~connections. The en route portion of the VSCS program
anticipated for the ARTCCs will replace the WECO 300 key
systems. This implementation is scheduled to begin during the

Far Term time period.

9.2.1.2 TRACON/Tower Improvements

A summary of the improvements in voice communications facilities
and equipment for the TRACON/Tower environment is shown in Table
9~11. This table briefly outlines the TRACON/Tower air/ground
(A/G) and ground/ground (G/G) voice communications facilities
and equipment in the current time period, and the improvements
which are planned for implementation in the Near-Term and Far
Term time periods which support these basic voice communicatiéns

functions.

Air/ground communications between TRACON/Tower controllers and
aircraft are accomplished through FAA-owned radio control
systems at TRACONs/Towers and either local VHF/UHF
transmitters/receivers or Remote Transmitter/Receiver (RTR)
sites. Until recently, the TRACON/Tower A/G facilities have

exclusively used vacuum tube/relay radio equipment. A
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modernization program is currently underway to replace vacuum
tube transmitters and receivers with solid-state equipment for
all TRACON/Tower facilities. This program is ongoing and is
scheduled for completion in the Far Term. Another planned
improvement in A/G communications facilities in the terminal
environment is the implementation of the next generation of
VHF/UHF antennas. Requirements for increased A/G channel
assignments with narrower bandwidth (25 KHz) and the use of
lower transmitter power (10 watts instead of 50 watts) has led
to the establishment of new FAA antenna standards (Reference
9-12). These new standards incorporate state-of-the-art
antennas which are radomed and, in some cases, stacked. The
current antenna replacement program will continue throughout the

Near Term and into the Far Term.

The VSCS program will provide equipment to rep}ace the FAA-owned
voice frequency signaling and control equipment which is
currently operational at TkACON/Tower sites and their associated
local and remote transmitter/receiver (RTR) sites. The present
equipment has proven to be costly to maintain due its obsolete
technology and will be replaced by the solid-state VSCS
equipment beginning in the Near Term time period.

Implementation will not be completed until the Far Term. The
VSCS program plans to refine the technology developed in the
Small Voice Switching System (SVSS) program and utilize
equipment based on this refined technology to replace the radio
voice frequency signaling and control equipment, as well as the
ground/ground voice communications equipment, in low-activity
towers and TRACONs. This system is planned to be an integrated
radio and G/G voice system which provides the signaling,

switching, monitoring, reconfiguration and trunk restoral for
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both the radio and G/G voice functions. Initial implementation
in the terminal environment will begin in the Near Term with a
small number (13) of large TRACON locations. Implementation at

other locations will continue through the Far Term time period.

Transmission facilities between the TRACON/Tower sites and their
associated RTR sites are currently point~to-point unconditioned
lines with a small number of 1142 conditioned lines. VSCS will

provide automatic reconfiguration of communications facilities.

The TRACON/Tower ground-ground voice communications with other
facilities are currently provided via the Service F network.
The voice switching and signaling is currently done by the WECO
301 and associated signaling equipment at high activity
facilities or by small key systems such as the WECO 1Al at low
level facilities. Like the WECO 300, the WECO 301 and 1Al key
systems are electromechanical type equipment. The mo:’toring,
reconfiguration and trunk restoral functions are currently done
manually via patch panels or cross-connections. It is
anticipated that the initial implementation of the integrated
radio and G/G voice VSCS in the terminal environment will be
started in the Near Term to replace the existing
electromechanical equipment. The refined version of the SVSS
system may also be used to replace the G/G and A/G
communications equipment in low-activity TRACONs and towers.
These implementations are not scheduled for completion until the

Far Term.

9.2.1.3 FSS Improvements

A summary of the lmprovements planned for voice communications
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in flight service station facilities is shown in Table 9-12.

The table briefly describes the FSS A/G and G/G communications
facilities in the current time period and the improvements whirh
are expected to be implemented in the Near Term and the Far
Term. In the Near Term, fifty-six (56) FSS facilities will be
established with automation aids and will be referred to as
Automated Flight Service Stations (AFSS). The automation data
base and data processing capability will be provided at 14
Flight Service Data Processing Systems (FSDPS) located at
selected ARTCCs in CONUS. In the Far Term, three (3) additional
FSDPSs will be implemented at San Juan, Honolulu and Anchorage,
along with five more AFSSs. Air/ground (A/G) communications
betwsen the FSS specialists and aircraft is accomplished through
local VHF/UHF transmitters and receivers and transceivers or
transmitters/receivers located at remote sites. Dedicated

point-to-point transmission facilities connect the FSSs to these
radio sites.

Direction Finder (DF) equipment and facilities are also provided
at selected FSSs which are used for locating lost aircraft. An
ongoing improvement program will provide new Doppler Direction
Finding (DF) equipment in both the FSSs and associated remote DF
sites. This initial DF program will provide equipment for 122
new DF sites. The implementation is scheduled for completion in
the Near Term time period. A subsequent DF program will provide
replacement DF equipment for the 173 currently operational

sites. This program is scheduled for implementation during the
Far Term.

FSSs also monitor navigational aids (NAVAIDs). These NAVAIDs
which include VORs, VORTACs and Nondirectional Beacon (NDB)
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TABLE 9-12

FLIGHT SERVICE FACILITIES VOICE COMMUNICATIONS |MPROVEMENTS SUMMARY

FUNCTIONS

CURRENT (1980)

NEAR TERM IMPROVEMENTS
(1981~1984)

FAR TERN INPROVEMENTS
(POST-1984)

FSS Alr-Ground Facilities

FSS Spectlalist to Pilot

- Transaitters/Recefvers

Traramission Facilities

~ Antennas

Vacuum tube TXa/RCVs at PCO, LRCO,
VOR, RTR snd Local Radio Sites

Point-to-Point Conditioned snd
Unconditioned Transsission
Facilities

VHF/UHF Antennss

Sol{d-State TIa/RCVe

Point-to-Point Unconditioned
Transaission Facilicies

Improved VHF/UNF Antennas

Complete Mecr Ters
lsplemgntation

Conplate Nesc Ters

Monitoring, Reconfiguration and
Trunk Reatoral

Trunk Restorsl end Monftorting
vis VSCS

laplesentation
FSS Specialist to Pilot via DP
~ Recelver Vacuum tube RCVe at NDE sites Solid-Stste RCVe ne
- Transmission Facilittes Point-to-Pofnt Unconditioned NC "
Transmission Facilittes
Transcrfbed Weschec
Brosdcast (TWEB) to Pilot
- Transmitters Vacuuw tube TXs st NDBs Solid-State TXs NC
- Tranemlssion Factlities Unconditioned Point-to-Point we w
Transmission Facilities
Signaling Tone and Direct Control Solid-State Inbund end Out- [
of-band Stignaling and Control
vis VSCS
Monjtoring, Reconfiguratfon and Manual Reconfiguration, Expanded Monitoring Capability,| WC
Trunk Restorsl Trunk Restoral and VOR Automatic Reconfiguration and
Monitoring Capabilfty Trunk Restoral via VSCS
¥SS Ground-~Ground Factlities
FSS Spectallst to Pilot 0DD, WATS, FX snd LX via various DDD, WATS, FX and LX via VSCS L4
(On the Cround) WECO key and ACD systems equipped with ACD capability
FSS Spe. {alist to Other Service F network with Pofnt~ NC n
Facilitien to-Point, Multipoint and Dial-up
Facllitles
FSS Specialist to FSS Specialiat lntercom via varfous vics nc
tIntercam) Key Systems
Access to Voiue Recorded DDD, WATS, FX and LX access ODD, WATS, FX sand LX sccess NC
Informattion via vsCS
{PATWAS, VRS, etc)
Switching and Signaling Key Systems V&Cs .14
Manual Autometic Reconfiguration, NC

NC - No change

* - Approved for FAA fwplementation
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sites, have the capability to broadcast live and recorded
weather and airport information, including Transcribed Weather
Broadcasts (TWEB) and Notice to Airmen (NOTAM).

Most FSS A/G facilities currently use vacuum tube/relay radio
equipment. A modernization program, currently underway to
replace the vacuum tube transmitters and receivers with solid
state equipment will be completed in the Far Term. New UHF/VHF
antennas (Reference 9-12) will be deployed in the A/G
communications facilities associated with Flight Service
Stations. This FSS antenna replacement program is also
scheduled for completion in the Far Term time period. New
transmitters will also be implemented at NDB/VOR sites for TWEB

operation.

The VSCS program will provide solid state radio control
equipment for the 61 AFSSs and the assoclated remote radio
gites. Interim communications for the first 12 to 15 AFSSs must
be provided since VSCS for the AFSSs will not be available at
the time of the initial AFSS cutovers. The VSCS program will
also provide the equipment required in each of the non-automated
FSSs to permit part-time FSS operation, although implementation
of VSCS ground/ground voice and radio control equipment in
non-automated FSSs is not planned. The monitoring,
reconfiguration and trunk restoral functions that are currently
done manually in the FSSs will be automated in the AFSSs with
the advent of VSCS.

FSS ground/ground voice communications with other facilities are

currently provided via the Service F network. Voice switching

and signaling for both intercom and interphone calls is
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currently provided by key equipment (such as the leased WECO 1Al

key system).

The introduction of VSCS in the FSS environment is planned
during the Near Term which will replace the electromechanical
and vacuum-tube radio and G/G voice control equipment with an
integrated solid state switching system. VSCS will provide
automatic reconfiguration and trunk restoral which are currently

done manually.

Monitoring of remote site VSCS equipment will also be provided
by VSCS. Implementation of VSCS in FSSs will be initiated
during the Near Term time period with completion scheduled for

the Far Term.

9.2.2 Voice Communications Connectivity

Figures 9~18, 9-19 and 9-20 illustrate the connectivity of the
FAA's voice communication system in the Current, Near Term and
Far Term time periods, respectively. Current FAA voice
communications are shown in Figure 9-18. The Service F private
line interphone network is shown with the primary control and

remote facilities served.

FAA voice communications connectivity in the Near Term time
period is shown in Figure 9-19. During the Near Term time
period, VSCS will be introduced into the en route (voice
frequency signaling and control equipment replacement only),
terminal and FSS environments to replace the present
electromechanical key equipment and the vacuum tube/relay radio

control equipment. VSCS equipment will be implemented in some
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of the new AFSS sites during this time period with completion
scheduled during the Far Term time period. Implementation of
the Maintenance Processor System (MPS) and Remote Monitoring
System (RMS) will be initiated in the en route environment
during this time period. Solid state transmitters and receivers
will be implemented in the Near Term in most remote radio

sites. Implementation will be completed during the Far Term
time period. Initiation of the antenna replacement program will
be started. New Doppler DF equipment will also be installed in
122 new DF sites during the Near Term.

Figure 9-20 illustrates the FAA voice communications
connectivity in the Far Term. Voice communications improvement
highlights during the Far Term include completion ofhthe VSCS
program in all FAA environments, the introduction of the
Technical Control Subsystem (TCS) of the VSCS program into

control facilities, and completion of the transmitter/receiver

and antenna replacement programs.

9.2.3 Voice Communications Tentative Implementation Schedule

Figure 9-21 presents the current implementation schedule, and,
where known, the number of sites affected by the voice

communications improvement.

5.2.4 Voice Communications Facilities Interface Planning Summary

In the preparation of this chapter it was necessary to make, or
accept, a number of assumptions as to what improvements would be
implemented, when they would be implemented, how they would
function in a particular facility, and how they would interact
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with other facilities. This section identifies assumptions and
areas of uncertainty by what are called "System Integration

Isgsues.”

The Integration Issues cited below were identified during the
preparation of this document and were reviewed with the
appropriate FAA program managers. Follow—up on these issues was
undertaken by a jolnt System Research and Development Service
and Airway Facilities Service group. The issues and assumptions
stated below were consistent with the issue descriptions still
under consideration by this group in early December 1980. The
reader 1s cautioned to check for recent changes in the status of

these issues before forming any final conclusions.

The integration issue assumptions pertinent to Voice

Communications Facilities are:

Isgsue 103: RMMS Interaction With R&D Products

The interfaces required between RMMS and other systems currently
being developed will be established in an evolutionary manner
since these systems and RMMS are being developed concurrently.
It is further assumed that ARD and AAF will mutually establish
both equipment parameters to be monitored and certification
parameters to be remoted for all new systems. Redundant
monitoring and certification functions in the RMMS and other

systems such as DABS and VSCS, will be eliminated to the extent
feasible.
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Issue 104: 1980 Maintenance Concept vs. System Complexity

It is assumed that the various ongoing and planned development
systems will incorporate to the maximum extent possible the
1980s Maintenance Concept in order to minimize the overall
manpower requirements. This requirement is particularly

important in equipment developed for remote FAA facilities.

Issue 211: VSCS - 9020 Relationship

A General Purpose Input/Output (GPI1/GPO) peripheral adapter
module (PAM) will be used to provide the 9020 to VSCS
interface. The VSCS will respond to reconfiguration commands
generated by the 9020. A VSCS/9020 interface control document
(ICD) will be developed by the VSCS contractor. Software
changes in the 9020 that are required to establish this

interface will be kept to a minimum.

Issue 215: VSCS - Tone Channeling Equipment Interface

Tone channel equipment for the ARTCC/RCAG environment will be
provided in the initial technical data package developed in the
VSCS program. The technical data package will be delivered to
AAF by ARD by mid CY 83. Implementation is scheduled from the
third quarter of CY 83 to the third quarter of CY 85. It is
assumed that AAF will not proceed with an independent
development and production of the proposed tone channel

equipment.
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Issue 604: VSCS Support to AFSSs

The assumption {s that VSCS will provide voice communications
(radio and ground/ground) for the proposed 61 consolidated
AFSSs, however, the VSCS program is proceeding slowly with the
FSS portion currently scheduled for the second Technical Data
Package. The problem is further complicated by the uncertainty
about the amount and kind of consolidation to be carried out for
the AFSSs, and the time phasing of the consolidations. VSCS
contract award is planned in early 1982 with late 1983

delivery. Since the AFSS schedule precedes this schedule,
interim communications must be provided for the first 12 to 15

AFSSs. VSCS will be implemented in these sites following the
implementation of the other AFSSs.

Isgsue 606: Voice Communications Equipment for Non—Automated FSSs

The VSCS program, as presently structured, will not provide
radio or ground/ground voice communications equipment for the
non-automated FSSs. It 18 agsumed that, in accordance with the
present VSCS specification, VSCS will provide non—automated FSSs
capability to remote both existing radio and ground/ground voice
communications facilities back to an associated AFSS and allow

part-timing operation at the non—automated FSS.

Isgsue 607: Part-Time Use of Non—Automated FSSs

The current VSCS specification requires and this description of
Voice Communications Facilities assumes that both radio and
ground/ground voice communications equipment and support will be

provided to AFSSs to permit part-time operation of non~automated
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FSSs. However, operators of the Flight Service Stations have

expressed reservations with regard to the projected cost savings

which may be achieved from part-timing.

9-114




e

1-1.

1-2.

2—1t

2-2.

2-3.

2-4.

2-50

2-6.

2-7.

2-8.

APPENDIX A

SOURCE DOCUMENTS

Federal Aviation Administration, "Definition, Description, and
Interfaces of the FAA's Developmental Programs,” FAA-EM-78-16,
Washington, D.C., September 1978.

Federal Aviation Administration, "An Overview and Assessment
of Plans and Programs for the Development of the Upgraded
Third Generation Air Traffic Control System,” FAA-EM-75-5,
Revision 1, Washington, D.C., March 1975.

Computer Sciences Corporation, "Preliminary Computer Trogram
Functional Specification for En Route Minimum Safe Altitude
Warning (E-MSAW)," CSC/TM~79/6087, Atlantic City, New Jersey,
May 1979.

Computer Sciences Corporation, "System Design Data for Model
A3d2.4 En Route Minimum Safe Altitude Warning,”
CSC/TM-79/6008, Atlantic City, New Jersey, January 1979.

Swett, C. F., “A Design Concept for an IPC Airspace Protection
Capability,” The MITRE Corporation, MTR-7247, McLean,
Virginia, July 1976.

Swett, C. F., "IPC Terrain Avoidance: Feasibility Study and
Preliminary Design,” The MITRE Corporation, MIR-7276, McLean,
Virginia, February 1977.

Swett, C. F., "Design Concept for an Obstacle Avoidance
Service,” The MITRE Corporation, MIR-7432, McLean, Virginia,
July 1977.

Computer Sciences Corporation, "Preliminary Computer Program

Functional Specifications (CPFS) for En Route -— Minimum Safe

Altitude Warning (E-MSAW),” DOT-FA76WA-3185, Atlantic City,

New Jersey, March 1978. .

Levin, K. M., and Zech, N. J., “En Route Metering Functional
Specification,” The MITRE Corporation, MTR-79W00155, Revision
2, McLean, Virginia, September 1980.

Sokkappa, B. G., and Ball, R. H., "Functional Description of ;
En Route Metering,” The MITRE Corporation, WP-12542, McLean, -
Virginia, August 1977.

el e —




2-9.

2-10.

2-11.

2-12.

2_130

2-14.

2-150

2‘16-

2-170

2‘18-

2-19.

Hauser, S. J., Jr., Dodge, P. O., and Steinbacher, J. G.,
“Computer Program Functional Specifications for En Route
Conflict Alert,” The MITRE Corporation, MTR-7311, McLean,
Virginia, September 1976.

Steinbacher, J. G., Hauser, S. J., "En Route Conflict Alert:
Specification for Conflict Detection Between Uncontrolled Mode
C Targets and Controlled Aircraft,” The MITRE Corporation,
MTR-7456, McLean, Virginia, February 1977.

Dieudonne, J., "ATARS: A Functional Description,” The MITRE
Corporation, MTR-80W00101, McLean, Virginia, (Federal Avilation
Administration, FAA-RD—80~66), April 1980.

Dieudonne, J., Lautenschlager, R., "DABS/ATARS/ATC Operational
Systems Description,” The MITRE Corporation, MIR-79W00436,
McLean, Virginia, (Federal Aslation Administration,
FAA-RD-80~42), April 1980.

Lentz, R. H., et al., "Automa ic Traffic Advisory and
Resolution Service (ATARS) Mu_ti-site Algorithm,” The MITRE
Corporation, MTR-80W00100 (FAA-RD-80~3), McLean, Virginia,
April 1980. '

Lucier, E., "ATARS Traffic Advisory Service,” Federal Aviation
Administration, FAA-RD-80-43, Washington, D. C., April 1980.

Federal Aviation Administration, "ATC Facility Hardware
Interfaces for DABS,” FAA-RD-80-38, Washingtonm, D. C., April
1980.

Federal Aviation Administration, "DABS Front End processor/En
Route Central Computer Complex Protocol,” FAA-RD-80-37,
Washington, D. C., April 1980.

DeMeo, J., "DABS/ATC Facility Surveillance and Communications
Message Formats,” Federal Aviation Administration,
FAA-RD-80-14, ATC-33, Washington, D. C., April 1980.

Todd, R. E., Ebert, P. M., "Active Beacon Collision Avoidance
System,” The MITRE Corporationm, MP-79W31, McLean, Virginia,
May 1980.

Grupe, J. A., et al., "Active Beacon Collision Avoidance
System -- Detailed Collision Avoidance Algorithms,” The MITRE
Corporation, MTR-80W00826, McLean, Virginia, May 1980.




2-2 0.

2-21.

2-22‘

2-23.

2-24.

2-250

2-26.

2-27.

2-28.

2-29.

2-3 0.

e - D it R e i P S

Ebert, P. M., "A Description of Passive BCAS Without
North-Pulses, and a Sequential Tracking Algorithm,” The MITRE
Corporation, MTR-7751, McLean, Virginia, February 1978.

Hauser, S. J., Cunningham, R. L., Oei, L. S., Schuster, E. M.,
and Sundaram, S., "En Route Conflict Resolution Advisories:
Functional Design Specification, Coordination Draft,” The
MITRE Corporation, MTR-80WOOl137, McLean, Virginia, April 1980.

Celio, J. C., "Electronic Tabular Display Subsystem (ETABS)
Engineering Model: Project Management Plan,” The MITRE
Corporation, MTR-79W00142, McLean, Virginia, December 1979.

Celio, J. C., "Electronic Tabular Display Subsystem (ETABS)
Engineering Model: Specification Updates,” The MITRE
Corporation, MTR-79W00452, McLean, Virginia, January 1980.

Manison, W. A., Amato, R. A., Kelley, J. P., Lawrence, M. M.,
Morgenstern, 0. L., "Electronic Tabular Display Subsystem
(ETABS) Engineering Model Specifications,” The MITRE
Corporation, MTR-7620, MTR-7621, McLean, Virginia, January
1978.

Federal Aviation Administration, "Acquisition Paper for an
Electronic Tabular Display Subsystem (ETABS), ARD Subprogram
122-12," Washington, D. C.

Federal Aviation Administration, "Engineering Requirement,
Electronic Tabular Display Subsystem Engineering Model,”
FAA-ER-110-208, Washington, D. C., 20 January 1978.

Raytheon Company, "Direct Access Radar Channel (DARC),
Preliminary Design Data,” DARC-8, Sudbury, Massachusetts,
22 December 1976.

Hilton, R. "Data Link Program Concept Paper,” Federal Aviationm
Administration, Washington, D. C., June 1978.

Federal Aviation Administration, "Aviation Weather System
Program Plan,” Aviation Weather System Planning Team, Third
Draft, Washington, D. C., April 1978.

Rucker, R. A., "Automated En Route ATC (AERA): Operational
Concepts, Package 1 Description, and Issues,” The MITRE
Corporation, McLean, Virginia, MTR-79W00167, May 1979.

EYRTR W S ST

,_
EE

s e . R ) “ .
P e A,




2-31.

2-32.

2-33.

2.34.

3-1.

3-2.

3-3-

3-4.

3-50

3-6-

3-7.

3-8.

Horowitz, B. M., "Advanced En Route Air Traffic Control
Automation,” The MITRE Corporation, Paper Presented at EASCON,
McLean, Virginia, September 1978.

Goldmuntz, L. G., et al., "The AERA Concept,” Federal Aviation
Administration, Draft, Washington, D. C., 1 December 1980.

Federal Aviation Administration, "The FAA Plans and Programs
for the Future Ailrport and Air Traffic Control System,”
Washington, D. C., 13 November 1980.

Dukes, D. L., James, W. T., Sciambi, R. K., Swetnam, G. F.,
“Functional Characterization of an ATC Planning and Control
Automation Concept,” The MITRE Corporation, WP-80W00230,
Revision 2, McLean, Vifginia, December 1980.

Federal Aviation Administration, "ARTS III System
Description,” SPO-MD-600, Washington, D.C., 3 August 1970.

Federal Aviation Administration, "ARTS III Computer Proéran
Functional Specification,” Model-Version AAO.12, Change 1,
Washington, D. C., 1 July 1976.

Sperry UNIVAC, "ARTS IIIA Systems Design Data,” ATC-23000,
Final Report, St. Paul, Minnesota, December 1977.

Department of Transportation, Federal Aviation Administration,
“Specification for ARTS IIIA Improvements to the Modularly
Expandable ARTS IIIA Beacon Tracking Level System,”
FAA-E-2593a, Washington, D. C., July 1, 1976.

Selander, J. H., "System Test Scenarios for the Automated
Radar Terminal System (ARTS) IIIA,"” The MITRE Corporation,
MTR-79W00097, McLean, Virginia, April 1979.

Sperry UNIVAC, "The New York TRACON Design Data,” ATC-25000,
Preliminary Report, St. Paul, Minnesota,October 1977.

Sperry UNIVAC, "The New York TRACON Supplement to the ARTS
IIIA Systems Design Data,” ATC-25000, Final Report, St. Paul,
Minnesota, June 1978

Federal Aviation Administration, "An Expanded ARTS IIIA System
for the New York TRACON," FAA-E-2594a, Washington, D. C.,
1 July 1976.




3-9.

3-10.

3-11.

3-12.

3-13.

3-14.

3-15.

3-16.

3-17.

3—18-

3-19.

Schneider, R. E., Feldman, A. S, "New York TRACON (NYT) Memory
Utilization Study,” The MITRE Corporation, MTR-79wW00308,
McLean, Virginia, September 1979.

Miskill, D. K., "ATARS/ATC (Terminal) Phase I Testing:
Software Requirements for the ARTS All-Digital System (ADS),"
The MITRE Corporation, MTR-79NO00OOS5, Revision 1, McLean,
Virginia, May 1980.

Asch, A., "Integration Plan, Automated Radar Terminal Systenm,
ARTS II," The MITRE Corporation, MTR-7182, McLean, Virginia,
April 1976.

Federal Aviation Administration, “Operational System
Description of the ARTS II System,” Washington, D. C.,
April 1974.

Federal Aviation Administration, "Maintenance of
AN/TPX-42A(V)4 Interrogator Set and Associated Display
Equipment,” Order 6360.9, Washington, D. C., 2 December 1976.

Federal Aviation Administration, "Terminal Information
Processing System (TIPS): System Description,” Washington,
D. C., November 1977.

Miskill, D. K., "Technical Performance of the ARTS IIIA
Tracking Function,” The MITRE Corporation, MTR-7300, McLean,
Virginia, January 1977.

Miskill, D. K., Vass, D. B., "Technical Performance of the
Thresholded Alpha Beta Gamma (TABG) Tracker,” The MITRE
Corporation, MTR-79N00006, McLean, Virginia, October 1979.

Sperry UNIVAC, "DABS/SRAPII/ARTS III Design Data,” Sperry
UNIVAC, Defense Systems Division, ATC-10300, Revision C
(Interim Report), St. Paul, Minnesota, July 1979.

Sperry UNIVAC, "Design Data for Conflict Alert Stage 1,”
Sperry UNIVAC Defense Systems Division, ATC 10410, St. Paul,
Minnesota, May 1977.

Hauser, S. J., Jr., Miskill, D. K., Vass, D. B., "Terminal
Area Conflict Alert: Design Verification Test Results,” The
MITRE Corporation, MTR-7677, McLean, Virginia, January 1978.

>
[
w
P

S e e e e T vk e L nd ey




3-20.

3-21.

3~-22.

3-23.

3-24.

4-2,

5_10

5-2.

5-3.

6-10

Hilton, R., "Data Link Program Concept Paper,” Federal
Aviation Administration, Washington, D.C., June 1978.

Federal Aviation Administration, "MSAW Data Base Parameters
Automated Radar Terminal System, ARTS III,” National Terminal
Data Systems Branch (AAT-550), D3621B, Washington, D.C.,
September 1976.

Sperry UNIVAC, "Minimum Safe Altitude Warning Design Data,"”
PX-11325, Rev. B, St. Paul, Minnesota, March 1977.

Sperry UNIVAC, "Metering and Spacing ~- ARTS III, Design
Data,” PX-11123, Revision 6, St. Paul, Minnesota, Januvary 1980.

Federal Aviation Administration, "Aircraft Collision
Avoidance: Concepts and Systems,” Papers from 1980 WESCON
Professional Program, Washington, D. C., October 1980.

Hutcheson, R., et al., "Next Ceneration Weather Radar (NEXRAD)
Joint Program Development Plan,” MTR-80W138, The MITRE
Corporation, McLean, Virginia, July 1980.

Bales, R., Waigand, F., "Hybrid Tower Automated Ground
Survelllance (TAGS) System Definition,” MTR-79W00394, The
MITRE Corporation, McLean, Virginia, February 1980.

Beeker, G. G., "The Central Flow Control System Requirements,”
The MITRE Corporation, MTR-7258, McLean, Virginia, June 1976.

Bales, R. A., Beeker, G. G., Gabrieli, H. S., Morgenstern,
0. L., and Watson, R. H., "Central Flow Control Computer
Program Specifications,” The MITRE Corporation, MIR-7293,
Volumes I-IV, McLean, Virginia, September 1976.

Federal Aviation Administration, "The FAA Plans and Programs
for the Future Airport and Air Traffic Control System,”
Washington, D. C., 13 November 1980.

Dukes, D. L., James W. T., Sciambi, R. K., Swetnam, G. F.,
"Functional Characterization of an ATC Planning and Control
Automation Concept,” The MITRE Corporation, WP-80W00230,
Revision 2, McLean, Virginia, December 1980.

Federal Aviation Administration, “Master Plan, Flight Service
Station Automation Program,"” FSS-01lA, Washington, D.C.,
January 1978.

[ iy .



6-2. Federal Aviation Administration, "Master Plan Addendum, Flight
Service Station Automation Program,” FSS-01Al1, Washington,
D.C., March 1980.

6~3. Federal Aviation Administration, “System Description, Flight
Service Information System (FSIS)," Coordination Draft,
FSS-04, Washington, D.C., August 1977.

6-4. Federal Aviation Administration, "Specification for the Flight
Service Automation System, Volume I, Model 1 and Model 2
System and Hardware,” FAA-E-2683a, Washington, D.C., 7 August
1980.

6~5. Federal Aviation Administration, "Specification for the Flight
Service Automation System, Volume II, Model 2 Software,”
Coordination Draft, FAA-E-2684a, Washington, D.C., 7 August
1980.

6-6. Federal Aviation Administration, "Specification for the Flight
Service System, Volume III, Model 1 Software and Hardware,”
FAA-E-2685a, Washington, D.C., 7 August 1980.

6~7. Federal Aviation Administration, "Aviation Weather System
Engineering and Development Program Plan,” Draft, Washington,
D.C., May 1980.

6-8. Federal Aviation Administration, "En Route Flight Advisory

Service (EFAS)", Order 7110.51B, Washington, D.C., 9 March
1977.

6-9. Federal Aviation Administration, "En Route Flight Advisory
Service (EFAS),” Order 7110.51B CHG 1, Washington, D.C., 27
May 1977.

6-10. Federal Aviation Administration, "Flight Service Information
Systems Operational/Functional Requirements, Model 2," AAT
Draft, Washington, D.C., 12 August 1977.

6-11. Federal Aviation Administration, "Flight Service Automation
System Implementation Plan,” FSS-05, Washington, D.C., August
1979.

7-1. Cartledge, L., and O'Donnell, R. M., "Description and
Performance Evaluation of the Moving Target Detector,”™ Lincoln
Laboratory, ATC-69, Lexington, Massachusetts, 8 March 1977.

———— ———— ‘v £ TR T W G WL

——




7-2.

7-3.

8-1.

9-1.

9-3.

9-4 .

9-5.

9-6.

9-7.

9‘8-

Hutcheson, R., et al., "Next Generation Weather Radar (NEXRAD)
Joint Program Development Plan,” MTR-80W138, The MITRE

Corporation, McLean, Virginia, July 1980.

Dieudonne, J.E., Lautenschlager, R. W., "DABS/ATARS/ATC System
Operational Description,” MTR-79W00436, The MITRE Corporation,
McLean, Virginia, April 1980.

Federal Aviation Adminigtration, "Time Reference Scanning Beam
Microwave Landing System, Introduction and Summary,” Section
1, Washington, D.C., October 1977.

Beeker, G. G., "Air Traffic Control System Command Center
System Description,” The MITRE Corporation, WP-12693, Mclean,
Virginia, December 1977.

Beeker, G. G., "Terminal Information Processing System
(TIPS): NAS En Route Input/Output Requirements,” The MITRE
Corporation, MTR-7161, Volume &4, McLean, Virginia, March 1976.

Beeker, G. G., "Terminal Information Processing System
(TIPS): ARTS-I1I Input/Output Requirements,” The MITRE
Corporation, MTR-7161, Volume 5, McLean, Virginia, March 1976.

Beeker, G. G., "Interface Control Document, NAS En Route Stage
A -- ARTS-III,"” The MITRE Corporation, MTR-4114, Revision 3,
McLean, Virginia, 1 October 1973.

O'Brien, W. J., "Terminal Information Processing System
(TIPS): System Deacription,” The MITRE Corporation, MTR-7161,
Volume 1, McLean, Virginia, April 1976.

Hangen, J. C., et al., "FAA Communications System
Description,” Computer Sciences Corporation, AD-761 567,
FAA-RD-73-36, Falls Church, Virginia, February 1973.

Federal Aviation Administration, "Specification -- National
Airspace Data Interchange Network (NADIN),"” FAA~E-2661,
Washington, D.C., 4 January 1977.

Federal Aviation Administration, “Specification for the Flight
Service Automation System, Volume I, System and Hardware,”
FAA-E-2683A, Washington, D.C., 7 August 1980.




9-9.

9-10.

9-11.

9-12.

9-13.

—— o em——

Federal Aviation Administration, “"Specification for the Flight
Service Automation System, Volume II, Model 2 Software,”
FAA-E-2684A, Washington, D.C., 7 August 1980.

Federal Aviation Administration, “Specification for the Flight
Service Automation System, Volume III, Model 1 Software and
Hardware,” FAA-E-2685A, Washington, D.C., 7 August 1980.

Federal Aviation Administration, “Engineering Requirements,
Small Voice Switching System” FAA Document No. FAA-ER-220-052,
24 March 1977.

Federal Aviation Administration, "New Generation of VHF/UHF
Air-Ground Communications Antennas,” Washington, D.C.,
September 1977.

Federal Aviation Administration, "Engineering Requirement for
Voice Switching and Control Systems,” DRAFT FAA-ER-D-210-001,
30 June 1980.




AAAS
AAF
AAT
ABDIS
ACD
ACT
ADWS
ARM
AERA
AFOS
AFSS
AFIN
A/G
A/G/A
AGL
AIRS
ALWOS
ARD
ARO
ARSR
ARTCC
ARTS
ASDE
ASR
ATARS
ATCBI
ATCCC
ATCRBS
ATIS
ATS
AT&T
AUTOVON
AV-AWOS
AWANS
AWES
AWP
AWS
AWSS

APPENDIX B

ABBREVIATIONS AND ACRONYMS

Automated Airport Advisory System

Alrway Facilities Service

Air Traffic Service

Automated Service B Data Interchange System
Automatic Call Distribution

FAA Technical Center

Air Force Digital Weather Service

Automated En Route Metering

Automated En Route Air Traffic Control
Automation of Field Operations and Services
Automated Flight Service Station

Aeronautical Fixed Telecommunications Network
Air/Ground

Alr to Ground to Air

Above Ground Level

Airport Information Retrieval System
Automated Low-Cost Weather Observation Systems
Systems Research and Development Service
Airport Reservation Office

Alr Route Survelillance Radar

Alr Route Traffic Control Center

Automated Radar Terminal System

Afrport Surface Detection Equipment

Airport Surveillance Radar

Automatic Traffic Advisory and Resolution Service
Air Traffic Control Beacon Interrogator

Alr Traffic Control Command Center

Air Traffic Control Radar Beacon Systenm
Automatic Terminal Information Service
Automated Terminal Services

American Telephone and Telegraph Company
Automatic Voice Network

Aviation Automated Weather Observation System
Aviation Weather and NOTAM System

Aviation Weather System

Aviation Weather Processor

Air Weather Service

Airborne Wind Shear System
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BCAS
BRITE
BUEC

CAL
CARF
ccc
ccp
CCTV
CD
CcDC
CED

! CFCF
CFCCC
' CFWSU
CGATIS
CMA
CNS
CONUS
CRD
CRT
cs/T
CTA
CWPC
CwsU

DABS
DARC
DCS
DDD
DEDS
3 DF
DME
DR&A
DTE
DTG
DUAT
DYSIM

EBCDIC
E&D
EFAS
EMSAW
ETABS
ETIS
EWEDS

Beacon Collision Avoidance System
Bright Radar Indicator Tower Equipment
Back-Up Emergency Communications

Commercial Airlines

Central Altitude Reservation Function
Central Computer Complex

Contingency Command Post

Closed Circuit Television

Common Digitizer

Computer Display Channel

Computer Entry Device

Central Flow Control Function

Central Flow Control Computer Complex
Central Flow Weather Service Unit
Computer Generated Automatic Terminal Information System
Control Message Automation
Consolidated NOTAM System
Conterminous United States

Computer Readout Device

Cathode Ray Tube

Combined Station/Tower

Calculated Time of Arrival

Center Weather Processing Complex
Center Weather Service Unit

Discrete Address Beacon System
Direct Access Radar Channel
Data Communications Subsystem
Direct Distance Dialing

Data Entry and Display Subsystem
Direction Finder

Distance Measuring Equipment
Data Recording and Analysis
Data Terminal Equipment

Data Transmission Group

Direct User Access Terminal
Dynamic Simulation

Extended Binary Coded Decimal Interchange Code
Engineering and Development

En Route Flight Advisory Service

En Route Minimum Safe Altitude Warning System
Electronic Tabular Display Subsystem

Enhanced Terminal Information Services

En Route Weather Display System




FAATC
FAD
FAX
FDAD
FDC
FDEP
FDIO
FDP
F&E
FP
FSAS
FSDPS
FSH
FSP
FSS
FTS
FWS
FX

f GA

| G/G
GP1/GPO

| GPS

GOES

HSP
HUD

IAFCS
ICA0
ICD
IFM
IFR
IFSS
ILS
IMC
IOCE

JAWOS
LASS
LF
LLWSAS
LORAN
LRCO
LSR
LX

FAA Technical Center

Fuel Advisory Departure

Facsimile

Full Digital ARTS Display

Flight Data Center

Flight Data Entry and Printout
Flight Data Input Output Equipment
Flight Data Processing

Facilities and Equipment

Flight Plan

Flight Service Automation System
Flight Service Data Processing System
Flight Service Hub

Flight Strip Printer

Flight Service Station

Federal Telecommunications System
Flight Watch Specialist

Foreign Exchange

General Aviation

Ground/Ground

General Purpose Input/Output

Global Positioning System

Geostationary Operational Environmental Satellite

High Speed Printer
Head Up Display

Interim Automated Flow Control System
International Civil Aviation Organization
Interface Control Document

Integrated Flow Management

Instrument Flight Rules

International Flight Service Station
Instrument Landing System

Instrument Meteorological Conditions
Input/Output Control Element

Joint Automated Weather Observation System
Line Automatic Sensing and.Switching

Low Frequency

Low Level Wind Shear Alert System

Long Range Navigation

Limited Remote Communications Outlets
Limited Surveillance Radar

Local Exchange
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MAPS
MIL
MLF
MLS
MPS
M&S
MSAW
MTBF
MTBR
MTD
MTI

NADIN
NAFAX
NAFEC
NAS
NASCOM
NASNET
NATCOM
NAVAID
NAVSTAR
NDB
NEXRAD
NESS
NFDC
NMC
NOAA
NORAD
NOTAM
NWS

0AG
ORD
OSEM
OTC

PAM
PATWAS
PDME
PIREP
PTD
PVD
PW1

RBX
RCAG

Meteorological and Aeronautical Presentation System
Military

Medium Low Frequency
Microwave Landing System
Maintenance Processor System
Metering and Spacing

Minimum Safe Altitude Warning
Mean Time Between Failure
Mean Time Between Repair
Moving Target Detector

Moving Target Indicator

National Airspace Data Interchange Network
National Facsimile Circuit

National Aviation Facilities Experimental Center
National Airspace System

National Aviation Systems Communications
National Airspace System Network

National Communications

Navigational Aid

Navigation System for Timing and Ranging
Nondirectional Beacon

Next Generation Weather Radar

National Environmental Satellite Service
National Flight Data Center

National Meteorological Center

National Oceanic and Atmospheric Administration
North American Air Defense Command

Notice to Airmen

National Weather Service

Official Airline Guide

Operational Readiness Demonstration
Office of Systems Engineering Management
Over the Counter

Peripheral Adapter Module
Pilot Automatic Telephone Weather Answering Service
Precision DME

Pilot Weather Report
Proposed Time of Departure

Plan View Display
Proximity Warning Indicator

Radar Beacon Transponder
Remote Center Air—-Ground
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RCO
RCCS
RCS
RDAS
RDF
RDP

RMMS

RNAV
RRWDS
R/T
RTF
RTQC
RTR
RVR

SAC
SAM
SAR
scc
SFO
SFSS
SMMC
SRAP
SRDS
SS
SRG
STC
SVvSsS
SWL

TABG
TAC
TACAN
TAGS
TATF
TCDD
TCS
TDDS
TDP
TIDS
TRACAB
TRACON
TRSB

Remote Communications Outlet

Radio Communications and Control System
Radio Communications Subsystem
Radar Data Acquisition System

Radio Direction Finder

Radar Data Processing

Radar Microwave Link

Remote Maintenance Monitor System
Remote Monitoring System

Area Navigation

Radar Remote Weather Digplay System
Receiver/Transmitter

Radar Training Facility

Real-Time Quality Control (of Radar)
Remote Transmitter/Receiver

Runway Visual Range

Receliver

Strategic Air Command

System Acquisition Management

Search and Rescue

(ATC) System Command Center

Single Frequency Outlet

Satellite Field Service Station
System Maintenance Monitoring Console
Sensor Receiver and Processor

Systems Research and Development Service
Solid State

Systems Requirements Group
Sensitivity Time Control

Small Voice Switching System

Severe Weather Labs

Threshold Alpha Beta Gamma

Tactical Air Command

Tactical Air Navigation

Tower Automated Ground Surveillance System
Terminal Automation Test Facility

Tower Cab Digital Display

Technical Control Subsystem

Terminal Data Display System

Technical Data Package

Terminal Information Display System
Terminal Radar Approach Control, Tower Cab
Terminal Radar Approach Control, IFR Room
Time Reference Scanning Beam
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TSARC
TS&S
TTY
TWEB
Tx

UHF

VAS
VASI
vCs
VFR
VHF
VICON
VLF
VMC
VOR
VORTAC
VRS
VSCS
VT
WBRR
WECO
WFMU
WMSC
WSFO
WSR
Wx

Transportation Systems Acquisition Review Council
Terminal Sequencing and Spacing

Teletypewr’ter

Transcribed Weather Braodcast

Transmitter

Ultra High Frequency

Vortex Advisory System

Visual Approach Slope Indicator

Voice Communications Subsystem

Visual Flight Rules

Very High Frequency

Visual Confirmation of Voice Takeoff Clearance
Very Low Frequency

Visual Meteorological Conditions

Very High Frequency Omnirange Station
Colocated VOR and TACAN

Voice Response System

Voice Switching Control System

Vacuum Tube

Weather Bureau Remote Radar Recorder
Weatern Electric Company

Weather and Fixed Map Unit

Weather Message Switching Center
Weather Service Forecast Office
Weather Service Radar

Weather
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APPENDIX C

INDEX OF ATC SYSTEM IMPROVEMENTS

ARTS IIA

ARTS IIIA

Air Traffic Control Command Center
(ATCCC) Communications Processor

Advanced Vortex System (AVS)

Air Route Surveillance Radar
(ARSR-4)

Air Route Surveillance Radar (ARSR)
Weather Channel

Airborne Wind Shear System
(AWSS)

Airport Surface Detection
Equipment (ASDE -2, -3)

Airport Surveillance Radar
(ASR-9)

Alrport Surveillance Radar (ASR)
Weather Channel

Applications Processor for DABS
Data Link

Automated Airport Advisory
System (AAAS)

Automated En Route Air
Traffic Control (AERA)

Automated Flight Service Station (AFSS)

Automatic Traffic Advisory

and Resolution Service
(ATARS)

3.1.1.3

3.1.1.2, 3.1.3.2

5.1.1.2
4.1.4, 4.4

7.1.1, 7.1.3

7.1.3

A.l.z

4.1.1’ 4.1.3

7.2.3, 7.3

7.2.3

2.1.1.4, 3.1.1.4

4.1'4

2. 1.3.“

6.

2.1.3.3’ 2.1'4.3, 2.1.4'4
3.1.3.3, 3.1.4, 3.1.4.3,
7.2.3




Automatic Traffic Advisory

and Resolution Service (ATARS)
Avoidance Advisories

Aviation Weather Processor (AWP)

Beacon Collision Avoidance
System (BCAS)

Center Weather Processing
Complex (CWPC)

Center Weather Service
Unit (CWSU)

Central Altitude Reservation
Function (CARF)

Central Flow Control Function
(CFCF)

Central Flow Weather Service
Unit (CFWSU)

Cockpit Display of Traffic
Information (CDTI)

Common Digitizer (CD-2)

Computer Generated Automatic
Terminal Information Service (CGATIS)

Computer Replacement, En Route ATC
Computer Replacement, Terminal ATC
Conflict Advigory Function, IFR/VFR
Conflict Resolution Advisory
Contingency Command Post

Control Message Automation (CMA)

Controller Sector Suite Improvements
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2.1.6.4, 3.1.6.3

2.1.2.1, 2.1.2.2, 2.1.2.3

5., 5.1.3

5., 5.1.1.1, 5.1.1.2, 5.1.1.3

5.1.5

8.1.2.5

7.1.1, 7.1.2

4.1.2

2.1.1.4

3.1.1.4

2.1.4.2

2.1.4.2, 3.1.4
5.1.4

2.1.5.4, 3.1.5.3

2.1.2.4
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Data Terminal Equipment
(DTE) for the ATC Command Center

Direct Access Radar Channel
(DARC)

Direction Finding Equipment
Replacement

Digscrete Address Beacon System

(DABS)

Discrete Address Beacon System (DABS)
Data Link

Display of Digital Data

Electronic Tabular Display
Subsystem (ETABS)

En Route Metering

En Route Weather Display System
(EWEDS )

Enhanced Terminal Information Service
(ETIS)

Expanded DABS/Data Link Communications

Flight Data Input Output Equipment
(FDIO)

Flight Service Data Processing
System (FSDPS)

Flight Service Station - Model 1
Digitized Weather Radar
Flight Plan Processing

Weather and Aeronautical Information
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5.1.1.2

2.1.1.1, 2.1.1.2, 2.1l.1.4

3.1.2.3, 3.1.3.3

2.1.1.3, 2.1.2.3, 2.1.2.4

.7, 2.1.7.1, 2.1.7.2,
7.

3.1.5.3, 4.1.3

9.1.1.1, 9.1.1.2

2.1.2.2, 2.1.3.3, 3.1.2.2,
301.302' 10.1.2

6.1.3.2

6-2.9

6.1.1, 6.1.7

6.1.3, 6.1.5, 6.1.6, 6.2.3,
6.2.4
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Flight Service Station — Model 2
Automated Flight Service Station
Aviation Weather Processor (AWP)
Aviation Weather Processor (AWP)/
Weather Message Switching Center

Consolidation

Consolidated FSS Model 2, Model 3

Direct User Access
Emergency Assistance

Flight Service Data Processing System
(FSDPS)

Graphics and Multiple Weather Radar
Integrated Voice Response System
Selective Weather Retrieval

Full Digital ARTS Display (FDAD)

Global Positioning System (GFS)

Head Up Display (HUD)

Helicopter Operations, IFR

Improved Antennas for Air/Ground
Sites

Integrated Flow Management

Joint Automatic Weather Observation
System (JAWOS)

Limited Surveillance Radar (LSR)

Maintenance Processor Subsystem (MPS)
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6.
6.1.3.1

6.1.3.1’ 6.2.3' 6'2.4

6, 6.1.10, 6.1.11, 6.1.13,
6.2.7

6.1.10, 6.1.11
6.1.1

6.1.3.2

6.1.6, 6.2.9
6.1.10, 6.1.11
6.1.6

3.1.2.3
8.1.1, 8.4
8.1.2.5

8.1.1

’9-20101, 90201.2, 9020103

2.1.7.4. ‘3.1.704’ 5.1.103

4.1.3

7.2.4

2.1.1.2, 9.2.1.1




Microwave Landing System (MLS)
Moving Target Detector (MID)
National Airgpace Data Interchange
Network (NADIN)

Next Generation Weather Radar
(NEXRAD)

Radar Beacon Transponder (RBX)

Radar Remote Weather Disgplay
System (RRWDS)

Remote Maintenance Monitor System
(RMMS)

Runway Configuration Management
System (RCMS)

Sensor Receiver and Processor (SRAP)
Solid State Transmitters and Receivers
TPX-42 Replacement

TRACON Weather Processing Function
Terminal Consolidation

Terminal Data Display System (TDDS)

Terminal Information Display System
(TIDS)

Terminal Sequencing and Spacing (TS&S)
Terminal Weather Radar

Tower Automated Ground Surveillance
(TAGS)

Tower Cab Digital Display (TCDD)
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8.1.2, 8.4

7.1.3, 7.2.3

9.1‘2'2

4.1.3, 7.1.3, 7.2.3

3.1.4.2’ 7.2.2

2.1.2.2

2.1.1.2, 2.1.1.3, 2.1.1.4
7.1.3, 7.2.3, 8.1.1, 9.2.1.1
4ol.4

3.1.2.2

9.2.1.1, 9.2.1.2, 9.2.1.3
3.1.1.2
3.1.3.4

3.1.1.4
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VOR and TACAN Station (VORTAC) 8.1.1, 8.4
“Video Reconstitutors 3.1.2.3
Voice Switching and Control System 9.2.1.1
(VSCS) - VF Signaling and Control

System Replacement

Voice Switching and Control System (FSS) 9.2.1.3

Voice Switching and Control System 9.2.1.2

(Terminal)

Voice Switching and Control System 9.2.1.1

(En Route)

Voice Switching and Comtrol System 9.2.2

(Technical Control Subsystem)

Wind and Altimeter Voice Equipment 4,1.2

(WAVE)

4D Navigation 8.1.1

9020 Replacement 2.1.1.4
!

#0.5. GOVERMET PAINTING CPPICK: 1981-04720-472/2081 C=6

—a———— e ——— . A v e T S et —————— OOt Mg 15 <




END
pATE |
FILMED

.l
|
|

‘ | |
a

,, ) . |

S

1
‘ |
X I !
i .
! ,‘ o\
, I
‘ {
o — ».-n_a, ,.,v» o vt s w“"’-fﬂ‘ﬁ"‘-’:.‘: N e A - - __.., 8 N S . !I ‘
}um_—__—___——.__-'




